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 3 
The Synthesis and Computational Analysis of the Novel 3-methyl-2,4-diphenyl-3H-1-
benzazepine and Related Derivatives 
 
Abstract 
The reaction of 2,4-diphenyl-3H-1-benzazepine 1 with LDA followed by CH3I 
gave a novel 3-methyl benzazepine derivative 2 as the sole product. Computational DFT 
studies were performed to investigate the cause of the reaction’s selectivity and the 
observed effects the new substituent had on the compound’s conformational mobility. 
Computational studies were expanded to the conformational mobility of related 
benzazepine derivatives. The results suggest steric interactions contribute to both the 
regiospecificity of the reaction and the decreased conformational mobility of the product. 
Due to the extensive applications of benzazepine-containing compounds in modern 
pharmaceuticals their synthesis and behavior is becoming an increasingly important area 




Benzazepines are molecules that contain a benzene and azepine ring fused 
together to form a bicyclic heterocycle. Compounds containing the benzazepine moiety 
appear in a large array of molecules currently being researched for their biological 
activity. The FDA has already approved some of these compounds for medicinal 




Figure 1: Corlopam with benzazepine moiety in red 
 











 Arguably one of the 
most important areas of research involving benzazepine derivatives is in new 
antimicrobial agents. This is of particular importance due to the current global spread of 
antimicrobial-resistant pathogens. 
Antimicrobial-resistant pathogens are organisms that have gained one or more 
mutations that make current antimicrobials ineffective in treating them. In some cases 
microorganisms gain resistance to multiple drugs, making them exceedingly difficult if 
not impossible to treat. Once a pathogen has gained drug resistance, only non-resistant 
organisms in the host are killed by its use, allowing the resistant strain to rapidly multiply 
without competition. This has led the World Health Organization (WHO) to conclude 
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that the widespread use, and possible overuse, of these medications is partially to blame 
for the fast development and spread of resistant strains.
6
 One of the most alarming 
examples of the speed at which drug resistance can develop is methicillin-resistant 
Staphylococcus aureus (MRSA). Staphylococcus aureus (S. aureus) is a bacterium that is 
usually harmless, and is commonly found on the surface of human skin.
7
 S. aureus 
infections were treated with the antibiotic penicillin after its discovery in the 1940’s, but 
by the early 1960’s more than 80% of S. aureus samples were resistant to the drug. In 
1961 methicillin was introduced as a treatment for penicillin-resistant S. aureus 
infections.
8
 Today, over 50% of S. aureus samples collected in the United States are 
resistant to methicillin, in addition to amoxicillin and oxacillin, one of the highest levels 
in the developed world.
9
 An average of 19,000 Americans die every year from MRSA 
infections, approaching the number of deaths from AIDS, tuberculosis and hepatitis 
combined.
10
 70% of bacterial infections acquired in U.S. hospitals are resistant to at least 
one drug and the number of multi-drug resistant microbes is rising, making the discovery 
of new antimicrobials essential. 
In order for new treatments to be effective against multi-drug resistant pathogens, 
they generally require a new mode of action that microbes have not previously 
encountered.
11
 One of the most recent classes of antibiotics to be approved for use by the 
FDA are oxazolidinones, which are a class of drugs containing a five-membered 
heterocyclic ring with an oxygen and nitrogen atom. The first drug in this class to be 
approved was linezolid, brand name Zyvox, in 2001 (Figure 2). These new drugs are 
effective at treating many multi drug-resistant strains by blocking the formation of the 
fMet-tRNA-ribosome-mRNA ternary complex during the initiation phase of protein 
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synthesis. This is thought to be earlier in the process of protein synthesis than previous 
classes of antibacterial drugs. In addition, the new mechanism of action means mutations 




Figure 2: Linezolid.  
The rings of oxazolidinone class drugs are designated A-, B- and C-, beginning with the 




 focused on the fusion of the B- and C-rings to form benzazepine 
derivatives of the oxazolidinone compounds (Figure 3). The synthesized compounds 
were then tested against multi-drug resistant bacteria on agar plates. Three novel 
benzazepine oxazolidinones were identified with antibacterial activity superior to 
linezolid.  
 
Figure 3: Oxazolidinone benzazepine derivatives 





 can both alter the antibacterial activity of 
oxazolidinones. This makes it important to understand the effects substituent groups on 
the B and C rings will have on the compound’s stereochemistry.  One recent 
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computational study focused on the binding of oxazolidinones to a bacterial active site 
and with the monoamine oxidase A (MAO-A) enzyme. Binding with MAO-A is an 
unwanted side effect of the drug, and the study suggests that it may be avoided through 
the synthesis of a conformationally constrained oxazolidinone derivative, that 
simultaneously increases affinity for the bacterial enzyme.
16
 For this reason examination 
into the stereochemistry and conformational behavior of benzazepine derivatives is 
necessary. 
The goal of the research presented in this thesis was to synthesize a novel 
benzazepine derivative, 2,4-diphenyl-3-methyl-3H-1-benzazepine. In addition, the effects 
of substituent groups on the behavior and stereochemistry of the derivative were 
investigated through the use of density functional theory (DFT) calculations. Our hope is 
that this work may be of use in the future for synthesis of benzazepine derivative 
















a. Synthesis Background  
Benzazepine derivatives are classified by the position of the nitrogen atom on the 
azepine ring, as well as the position of an additional hydrogen atom. The 3-methyl 
product formed in this study has an additional hydrogen atom in the C3 position and the 
nitrogen atom in the 1
st
 position (see Scheme 1 for numbering). Thus the compound is 
referred to as a 3H-1-benzazepine, denoting the location of the hydrogen and nitrogen 
atoms. The synthesis of the 2,4-diphenyl-3H-1-benzazepine parent compound 1 was 
achieved by the method previously reported by Ramig et. al. (Scheme 1).
17
 This 
technique improves upon both the yield and flexibility of previous methods of 




Scheme 1: 2,4-diphenyl-3H-1-benzazepine 1 synthesis 
 
Previous syntheses of 3H-1-benzazepines gave insufficient yields for large-scale 
production. Singh and Bhatra reported the successful synthesis of several 3H-1-
benzazepine derivatives through the reduction of alkanoate nitro groups using SnCl2 with 
good yields.
19
 However their procedure was very labor intensive, requiring several 
separate reactions and purifications in order to produce the final benzazepine products.  
Kharraz synthesized 3H-1-benzazepine derivatives through the oxidation of 1H-1-
benzazepines and a hydride transfer.
20
 Brooke and Mathews were also successful in 
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producing several benzazepine derivatives from fluorinated aromatic amines.
21
 However, 
both attempts failed to produce a 3H-1-benzazepine derivative with significant yields. 
 
b. Alkylation Reaction Background 
The alkylation reaction performed in this study is similar to earlier work Streef  
and van der Plas performed with 2-diethylamino-5-phenyl-3H-azepine.
22
 Their research 
showed the strong base lithium diisopropylamide (LDA) would deprotonate an azepine 
ring to form an intermediate anion that would selectively react with an electrophile to 




Scheme 2: Streef and vand der Plas alkylation of azepines 
The results of this work suggested that deprotonation of the parent 3H-1-benzazepine 1 
with LDA followed by addition of the alkylating agent CH3I may be successful in 
producing a novel 3-methyl 3H-1-benzazepine derivative 2 (Scheme 3). Because this 
compound had not been previously reported, it was of interest as a new intermediate for 




Scheme 3: Proposed alkylation mechanism 
 
Our analysis of the product with 
1
H nuclear magnetic resonance (NMR) 
spectroscopy demonstrated that 2 had successfully been formed, but raised questions 
about the selectivity of the reaction, and the behavior of the product. Of the three possible 
sites the alkylation could have taken place (N1, C3 and C5), only the C3 derivative was 
observed in the NMR spectra. The cause for the selectivity was investigated with density 
functional theory (DFT) calculations. The NMR spectra also revealed unusual 
conformational behavior of the product, which is discussed in the next section.  
 
c. Background on Stereochemistry and Computational Studies 
From the 
1
H NMR analysis of the product it was possible to confirm the 3-methyl 
product had been formed, however there are several possible stereoisomers that are 
difficult to differentiate from the resulting spectrum. Stereoisomers share the same 
molecular formula and connectivity of atoms but differ in their spatial arrangement. Two 
types of stereoisomerism contributed to the number of possible products formed during 
the alkylation reaction, enantiomerism and diastereomerism.  
Enantiomers are stereoisomers that appear to be identical, but they are mirror 
images that are not superimposable by rotating or flipping the molecules. This is due to a 
property of molecules referred to as “chirality,” from the Greek word for hand. The 
concept of left and right hands are often used as an analogy for chirality. Even though left 
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and right hands are nearly identical mirror images of one another, they are not 
superimposable, in the same way two enantiomers are not identical. A carbon atom with 
four different groups is the most common cause of enantiomerism. A carbon with four 
unique groups is designated as a chiral center, and creates enantiomers that can only be 
made identical through the breaking and reforming of bonds (Figure 4).  
 
Figure 4: Example of enantiomers due to a chiral center in a theoretical compound 
 
The parent benzazepine compound 1 exists as a mixture of two enantiomers due 
to a unique case of chirality called planar chirality. Planar chirality is a type of 
enantiomerism not caused by a chiral center but a ring’s non-planar configuration. When 
a ring is non-planar, substituent groups can occupy three positions relative to the ring, 
above, below or in the same plane. In the parent compound the two enantiomers are 
related by a conformational exchange, also referred to as a ring-flip, which alters the 
position of the groups.  
 12 
 
Figure 5: pS and pR enantiomers of parent compound 1 
 
A ring-flip is the interconversion of a molecule between its conformations 
through the rotation of bonds and usually occurs readily at room temperature unless 
substituents hinder it. The ring-flip isomers of compound 1 are mirror images of each 
other, but they are not superimposable due to the relative position of their groups to the 
plane of the ring. Enantiomers are labeled with the letter S or R based on the three-
dimensional configuration of the atoms. A lowercase “p” precedes the configuration to 
indicate the presence of planar chirality.  
 After the parent compound 1 is alkylated to form compound 2 a chiral center is 
formed at carbon-3 with two possible stereoisomers (Figure 6). Now compound 2 is 
obtained in the form of diastereomers. Diastereomers are similar to enantiomers only they 
have multiple factors contributing to their chirality and are not mirror images.  
 
Figure 6: Two possible diastereomers of compound 2 
 The combination of a chiral center and planar chirality may result in a maximum 
of four possible stereoisomers for the 3-methyl product 2. Like the enantiomers of 
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compound 1, the diastereomers of the chiral carbon interconvert with a ring-flip, so the 
stereoisomers can be grouped into pairs of diastereomers related by a ring-flip (Figure 7). 
However, abnormalities observed in the ring-flip of the 3-methyl product relative to 
previously synthesized benzazepine derivatives suggested that the ring flip might not 
occur.   
 
Figure 7: Four possible stereoisomers of compound 2 
The rapid rate of ring-flipping among several benzazepine derivatives was 
reported in an earlier paper and was originally a source of some confusion in identifying 
the parent compound 1 and a 5-methyl derivative 3 (Figure 8).
18
 Because the azepine ring 
is non-planar the two allylic protons at C3 were not expected to be equivalent, as each 
was in a different magnetic environment. This would result in each proton appearing as a 
unique peak at different locations in the NMR spectrum. Instead, a broad peak 
corresponding to both protons was recorded, representing an average of the two. It was 
demonstrated that a rapid interconversion of the ring-flip isomers was causing this. When 
the temperature of the sample was lowered in an attempt to slow the rate of 
conformational exchange it was possible to resolve the separate peaks for each proton.  
 
 14 
   
Figure 8: Previously synthesized benzazepine derivatives 
 
In contrast, the 
1
H NMR spectrum of the 3-methyl derivative 2 contained two 
sharp peaks, one for the methyl group and one for the C3-H at room temperature. The 
temperature of the sample was increased with the assumption that the rate of ring-flipping 
would also increase with the additional energy, and would cause a broadening of both 
peaks on the spectrum. But no change in the peaks occurred. This suggests that the 
methyl group may hinder or block the conformational exchange between the enantiomers, 
and was examined with DFT calculations (DFT calculations are explained in the 
Materials and Methods section).  
 Stereochemistry is a vital issue in the design of pharmaceuticals as nearly every 
biological molecule exhibits “handedness” due to chirality and will only react with 
complementary configurations. Because drugs most often exert their effect by binding to 
a receptor, they generally need the correct configuration, similar to a lefty needing a left-
handed baseball glove. In some cases, one enantiomer will exhibit greater affinity for a 
receptor, increasing its efficacy in relation to the other configuration.
15,23 
In others, the 
enantiomer can have a different effect entirely or be toxic.
24
 This is seen in fluoxetine, 
marketed as Prozac, with the S configuration believed to be the cause of many of the 
reported side-effects of the drug (Figure 9).
25
 This makes it important to fully understand 
 15 
not only the structural configuration of the product, but its stereochemistry and 
conformational behavior.   
 
Figure 9: Enantiomers of fluoxetine, marketed as Prozac. Eli Lilly is developing Enantiopure (R) -
fluoxetine as a “side-effect free” Prozac
24b 
 
 In order to answer the questions about the product’s stereochemical configuration 
and conformational behavior, DFT calculations were performed to predict the most stable 
isomers. The compound’s structure was also determined by X-ray crystallography by Dr. 
Szalda of our department.     
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III. Materials and Methods 
 
a. Experimental  
 
 The LDA (8mmol, 4.0mL, 2.0 M) was added to a solution of compound 1 
(2.0mmol, 590 mg) and THF (20 mL) under N2 in a flame-dried 3-neck flask. A 2-
propanol dry ice bath maintained the temperature at -65° C. An initial addition of 1.2 
mL’s of LDA caused the solution to turn a dark green, which was accompanied by a very 
slight rise in temperature from -66° C to -64° C. It’s possible the temperature shift 
corresponded to the deprotonation of compound 1 to form the anion. 
After an hour had elapsed CH3I (498 μL) was added while maintaining the N2 
atmosphere, and the 2-propanol dry ice bath was removed. The reaction was allowed to 
proceed for one hour at room temperature. After the removal of the ice bath the color 
rapidly turned from a pale green to light orange. As the reaction mixture warmed the 
color continued to shift, first to dark orange at -33° C, then light red at -10° C and deep 
red at -4° C. The color finally finished a slightly opaque yellow at 16° C. 
Separation of the organic and aqueous layers was performed twice with H2O (15.0 
mL) and ether (15.0 mL) in a separatory funnel. The combined organic layer was dried 
over CaCl2, followed by rotary evaporation. The resulting viscous yellow oil was purified 
by radial chromatography on a silica gel plate (1mm, 1% ethyl acetate/hexane). 
Recrystallization in 1% ethyl acetate/hexane was then performed to give the pure final 
product, a crystalline yellow solid (192mg, 30% yield, melting point of 109-111° C). 
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NMR spectroscopy and X-ray crystallography demonstrated the 3-methyl derivative 2 
had been formed as the sole product.  
 
b. Computational Methods 
i. Overview of Computational Chemistry 
Computational chemistry is based on relatively recent advances in quantum 
mechanics coupled with computer science to model atomic structures and derive their 
chemical and physical properties. All calculations were performed with density 
functional theory (DFT) methods, which use the physical property of electron density to 
model structures and make predictions about their energy and other characteristics. DFT 
methods were used because they were successful in modeling benzazepine derivatives in 




 was used to perform calculations and 
GausView
27
 was used for viewing the output files.  
Calculations in Gaussian were mainly performed for optimization, frequency and 
thermochemical analysis of the compounds. When a structure is submitted for 
optimization, Gaussian searches for the local conformation that is lowest in energy. 
Because it searches local conformations, it is important to submit an initial structure 
reasonably close to the minima for both accuracy and time efficiency. The frequency 
command provides analysis of the molecule’s frequencies and thermochemistry. The 
thermochemical output allowed us to compare the relative energies of compounds to 
draw conclusions about the favorability of products and isomers, and identify transition 




ii. General Computational Process 
The majority of the computational studies performed began with the modeling of 
a structure in GausView using compound 1 as a skeleton for the addition of groups to 
form the derivatives. Compound 1 was used as the starting point for the substitution of 
groups because previous work had already identified its energy minima.
18
 Once a 
structure had been modeled it was submitted for optimization and frequency analysis in 
Gaussian. The majority of Gaussian calculations were run using the B3LYP method and 
6-31G(d) basis sets, due to their previously established success at modeling benzazepine 
derivatives.
18
 The selected method and basis sets were also supported by the close 
agreement between the X-ray crystallography results and the predicted optimized 
structure from computational analysis of the 3-methyl 2 stereoisomers. After the 
completion of the DFT calculations the output files were used to compare the relative 
stabilities of the compounds in each case.
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IV. Results and Discussion 
a. Stereochemistry and Conformational Mobility of Compound 2 
i. Comparison of the Compound 1 Enantiomers 
 
Compound 1 enantiomers 
 By definition enantiomers have identical physical and chemical properties, including 
energy. Because there were no attempts to perform a stereospecific reaction, it’s assumed that 
equal amounts of the pS and pR alkylated product 2 were formed. 
 
ii. Comparison of the compound 2 Diastereomers 
DFT calculations were performed to identify the diastereomer of the 3-methyl product 2 
most likely formed during the reaction by finding the optimized structure for each and then 
comparing the relative energies. Results from the thermochemical analysis of the enantiomers of 
2 showed the pseudo-axial isomer to be favored by 4.0 Kcal/mol (Figure 10). From the 
optimized structures the pseudo-equatorial isomer appeared to be higher in energy because of 
larger steric interactions between the methyl group and two phenyl rings. Steric strain increases 
the energy in a molecule as two atoms are forced too close together, causing their atomic radii to 
overlap and produce repulsive interactions.   
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Figure 10: Pseudo-axial and Pseudo-equatorial structures of 2 
 
The pseudo-equatorial methyl group is roughly equidistant from both phenyl groups, with a 
minimum distance of 2.23Å from the hydrogen on the C2 phenyl group and 2.28Å from the 
hydrogen on the C4 phenyl group. The pseudo-axial methyl group has larger minimum distances 
of 4.17 and 2.73Å from the hydrogens on the C2 and C4 phenyl rings, respectively. This is 
because the pseudo-axial methyl group is in a different plane than the phenyl rings allowing it to 
avoid the steric strain experienced by the pseudo-equatorial methyl group. 
 
iii. X-ray Crystallography Results 
X-ray crystallography analysis of the 3-methyl structure 2 was in close agreement with 
the computational results, identifying the product as the pseudo-axial isomer (Figure 11). 
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Figure 11. X-ray structure of 3-methyl 2 product 
 
Selected bond distances and angles from the X-ray structure were compared to the corresponding 
values in the computational structure (Figure 12).  The geometry of the two structures proved to 
be nearly identical, justifying the selected method and basis sets. 
 
Figure 12. Comparison of selected bond angles and distances (in Angstroms) of compound 2 
 
 
iv. Summary of Stereochemistry Results for 2 
Calculations and X-ray crystallography ruled out the presence of the pseudo-equatorial 
diastereomer of 2, most likely due to steric interactions that result from placing the methyl group 
in such close proximity to the phenyl rings. However, neither enantiomer of 2 could be ruled out, 
leaving a 50/50 mixture of the two enantiomers with the pseudo-axial methyl group.  
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Figure 13: The two 3-methyl 2 stereoisomers formed 
 
The two pseudo-axial enantiomers of 2 are favored over the pseudo-equatorial 
stereoisomers by 4.0 Kcal/mol, but the pseudo-axial and pseudo-equatorial isomers are related 
through a ring-flip. Even when one ring-flip isomer of a compound is favored, it is generally still 
possible for a ring-flip to occur if enough energy is present to overcome the energy barriers 
blocking the exchange. Although the energy difference between the diastereomers had been 
determined, the energy barrier causing the conformational constraint in the NMR spectrum of 2 
was unknown.  
 
b. Conformational Exchange of 2 and Related Derivatives 
In order to explain and measure the effect of the methyl group on the conformational 
mobility of 2, calculations were performed on the parent compound 1, a 6-methyl derivative 4, 5-
methyl derivative 3 and 1-methyl derivative 5 and the energy barriers were compared. 
Compounds 1 and 3 were previously reported
18
 while compounds 4 and 5 are theoretical 




Figure 14: Related benzazepine derivatives studied 
 
Most ring-flips involve a transition state that is planar or relatively flat, so restrictions 
were placed on the molecules in order to flatten the azepine ring, and the structures were 
optimized in this constricted state. A transition state was identified when a single negative 
frequency had been found that corresponded to the vibration of one atom or group attempting to 
move out of the planar state and complete the conformational exchange.  
(Note: because Gaussian searches for the nearest energy minima to a structure, the ring-flip 
enantiomers for each compound are not mirror images, and thus do not have equal energies. For 
this reason, the product of each ring-flip is referred to as a pseudo-enantiomer of the original 
structure). 
I. 2,4-diphenyl-3H-1-benzazepine (parent compound 1) 
Calculations for the parent compound showed an energy barrier of 9.2 Kcal/mol for the 
conformational exchange, the lowest energy barrier observed in our calculations (Figure 15). 
During the ring-flip the C2 phenyl ring rotates approximately 11.2° from its starting position in 
the reactant, 1 pR, to reach the transition state, 1 TS, and a further 16.9° to reach the product, 1 
pseudo-pS. The C4 phenyl ring also rotates, first 6.5° and then 7.5°. The rotation may be to 
accommodate the passage of the C3 hydrogen atoms and might be partially responsible for the 
energy barrier to the ring-flip. Additionally, steric interactions between the hydrogen atoms on 
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C5 and C6, which are forced closer together during the exchange, may increase the energy 
necessary for the exchange to take place.  
 
Figure 15: Parent compound 1 ring-flip 
 
II. 6-methyl-2,4-diphenyl-3H-1-benzazepine (6-methyl derivative 4) 
The 6-methyl 2,4-diphenyl-3H-benzazepine showed a barrier to the ring-flip of 10.7 
Kcal/mol (Figure 16). Computational analysis of the 6-methyl derivative showed similar rotation 
of the phenyl rings that was observed in the parent compound.  
The 6-methyl derivative had additional steric interactions between the C5 hydrogen atom 
and the C6 methyl substituent’s hydrogen atoms. The distance between the groups is similar to 
those seen in compound 1, moving from a maximum of 2.5Å in the reactant, 4 pS, and product, 4 
pseudo-pR, to 2.2Å in the transition state, 4 TS. But the methyl group has larger steric 
interactions due to the additional hydrogen atoms. This causes a larger energy barrier and less 
conformational mobility than seen in compound 1.  
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Figure 16: 6-methyl 4 ring-flip 
 
III. 5-methyl-2,4-diphenyl-3H-1-benzazepine (5-methyl derivative 3) 
For the 5-methyl derivative the planar transition state was found to have an energy barrier 
of 12.2 Kcal/mol (Figure 17). Contributing to this energy barrier is the decreased minimum 
distance between the methyl group and the phenyl ring of 2.3Å in the transition state, 3 TS, 
compared to 2.6Å in the reactant, 3 pS, and product, 3 pseudo-pR. The minimum distance 
between the C6 hydrogen atom and the C5 substituent decreased during the conformational 
exchange to 2.11Å. The C4 phenyl group appeared to show rotation from the initial position in 3 
pS to 3 TS to avoid the C5 methyl group.  
 26 
 
Figure 17: 5-methyl 3 ring-flip 
 
IV. 1-methyl-2,4-diphenyl-1H-1-benzazepine (1-methyl derivative 5) 
Data for the ring-flip of the 1-methyl derivative showed the highest calculated energy 
barrier at 12.4 Kcal/mol (Figure 18), slightly higher than the 5-methyl derivative 3. One possible 
factor that may have contributed to the increased energy value compared with 3 is the increase in 
steric interactions between the N1 methyl substituent and the C9 hydrogen. These interactions 
are similar to those seen in 3 between the C5 methyl group and the C6 hydrogen. But the N1 
methyl substituent moves from 2.4Å in the reactant, 5 pR, to 2.0Å in the transition state, 5 TS, a 
decrease compared to the 5-methyl distances.  
The N1 methyl substituent also sees increased steric interactions with the C2 phenyl ring, 
which moves from a minimum distance of 2.5Å in 5 pR, to 2.2Å in 5 TS. The steric interactions 
may have caused the 45.6° rotation of the ring that was observed to reach 5 TS, further 
increasing the energy required for the exchange to occur.  
 27 
 
Figure 18:1-methyl 5 ring-flip 
 
V. 3-methyl-2,4-diphenyl-3H-1-benzazepine (3-methyl derivative 2) 
No transition state was identified for the ring-flip of the 3-methyl derivative. No planar 
alignment of compound 2 could be optimized with a single negative frequency, suggesting that 
the transition state is too unfavorable to exist and the compound is locked in its position. This 
result is supported by the experimental observations from the NMR analysis. 
Summary of Conformational Mobility Studies 
The computational studies suggest that conformational mobility of the benzazepine 
derivatives is mainly hindered by steric interactions between substituent groups and the phenyl 
rings. As the distance between the added groups and phenyl rings decreases, the energy barrier is 
raised. The parent compound 1 showed the lowest energy barrier to the ring-flip, serving as our 
baseline with no additional groups to interact with the phenyl rings. The 1-methyl derivative 5 
had the highest identified barrier and the lowest distance between groups.  
Interactions between the groups adjacent to N1 and C5 (C6 and C9) also appear to play a 
role in hindering the conformational mobility of the benzazepine derivatives. The addition of the 
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methyl group at C6 in compound 4 raised the barrier to the ring flip by 1.5 Kcal/mol relative to 
the parent compound 1, even though the group is too distant to interact with the phenyl rings.  
The results suggest that the 3-methyl derivative 2 is conformationally constrained due to 
the extremely close proximity a planar transition state places the substituent methyl group to both 
phenyl rings. The steric interactions between the phenyl rings and methyl group must be so 
energetically unfavorable that the ring flip can’t occur.
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c. Computational Studies into the Regiospecificity of the Alkylation Reaction 
 Similar computational methods were used in order to find an explanation for the 
alkylation solely forming the 3-methyl benzazepine product 2. To successfully model the 
alkylation reaction, the location of the lithium atom (from the use of LDA) in the 
deprotonated anion of the parent compound 1 needed to be identified. N1 of the anion 
was found to be the preferred location (Figure 19). 
 
Figure 19: Deprotonated anion of compound 1 
 
  The following step in modeling the reactions was to identify the transition state 
for addition at each location. The carbon atom of the CH3I electrophile was oriented over 
each site of alkylation on the parent anion and the structures were optimized to locate the 
transition states. The reactant and product were then found by optimizing the structures 
after increasing or decreasing the distances between the methyl group and the azepine 
ring. Decreasing the distance encouraged formation of the alkylated product through the 
bonding of the substituent to the ring. Increasing the distance made the methyl group less 
stable and caused a return to the CH3I reactant.   
The results from the thermochemical analysis of the reactant, transition state and 
product were used to determine the energy barrier of each addition. The energy barrier is 
the amount of energy required to reach the transition state and form the product. Because 
of the low temperature of the reaction, -65°C, the energy barrier is more important than 
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the relative energies of the products. If the energy barrier is too high, the reaction won’t 
proceed regardless of the stability of the product. Because of the reaction’s selectivity for 
alkylation at C3, it was expected to have the lowest energy barrier, which would explain 
why it was the sole product. Two sets of calculations were performed to model the 
reaction. The first used a gas phase of the molecules. 
 
i. Gas Phase Calculations    





Figure 20: Addition at C5 to form 3 
 
Figure 21: Addition at C3 to form 2 
 
Figure 22: Addition at N1 for form 5 
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 The 3-methyl product 2 was favored over the 5-methyl 3, and 1-methyl 5 products 
by 4 and 20 Kcal/mol, respectively, but addition at C5 had a lower energy barrier. This 
result suggests that the 5-methyl derivative 3 would be favored in the absence of solvent, 
and doesn’t provide an explanation for the formation of 2 as the sole product.  
 
ii. Solvent Calculations  
Because the gas phase calculations failed to explain the selectivity, calculations were 
performed that incorporated the THF solvent. THF is an organic ether that is moderately 
polar due to an electronegative oxygen atom. The polarity of THF was theorized to play a 
role in lowering the energy barrier by stabilizing the charged intermediates, causing the 
3-methyl addition to be favored.  




Figure 23: Addition at C3 to form 2 
 
Figure 24: Addition at C5 to form 3 
 
Figure 25: Addition at N1 to form 5 
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 After the addition of the THF solvent in the Gaussian commands the C3 product 
showed the lowest energy barrier by 0.7 Kcal/mol (Figure 23). The orientations of the 
intermediates in the transition state were similar in both the gas and solvent calculations, 
with the methyl group positioning itself between C3 and the iodine atom. But THF 
lowered the energy barrier by 17.1 Kcal/mol, possibly through a stabilization of the 
charged methyl intermediate in the transition state. The methyl electrophile places a 
charge on carbon, making it unstable. The polar THF solvent can contribute electron 
density to the methyl group, stabilizing the carbon atom and lowering the energy of the 
transition state. Although the energy difference between the C3 and C5 alkylations 
doesn’t seem very large, the low temperature of the reaction makes a low energy barrier 
important for the reaction to occur. 
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V. Conclusion 
The experimental and computational work detailed in this study has many 
applications for future synthesis of pharmaceutical compounds containing benzazepine 
derivatives. The experimental work has led to a procedure for the regioselective 
formation of the novel 3-methyl-2,4-diphenyl-3H-1-benzazepine. Despite the fact that 
two other regioisomers could form, the 3-methyl isomer is the only one detected. The 
resulting 3-methyl product may be a useful intermediate in future research and 
development because the methyl group cuts down on the number of stereoisomers.  
The moderately polar THF solvent was shown to be a possible cause of the 
reaction’s selectivity for carbon 3, resulting in a lower energy barrier relative to the other 
sites. Future research on benzazepine synthesis may be successful in producing new 
derivatives from this knowledge by repeating the reaction with different alkylating 
agents, which could have different effects on the stereochemistry of the benzazepines. 
Experimental work has already been performed with benzyl, ethyl and p-anisaldehyde, 
with promising results. 
Furthermore, computational studies have demonstrated the effect that substituent 
groups can have on the conformational behavior of several benzazepine derivatives when 
they are placed in close proximity to large adjacent atoms. Through the addition of 
substituent groups to benzazepine derivatives it may be possible to design 
conformationally constrained pharmaceutical compounds that maximize biological 
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II. X-ray Crystallography Data 
Table 1.  Crystal data and structure refinement for KR21111.  
   
   
      Identification code               kr21111  
   
      Empirical formula                 C23 H19 N  
   
      Formula weight                    309.39  
   
      Temperature                       296(2) K  
   
      Wavelength                        0.71073 A  
   
      Crystal system, space group       Orthorhombic,  Aba2  
   
 42 
      Unit cell dimensions              a = 13.2591(4) A   alpha = 90 deg.  
                                        b = 25.5247(7) A    beta = 90 deg.  
                                        c = 10.0154(3) A   gamma = 90 deg.  
   
      Volume                            3389.56(17) A^3  
   
      Z, Calculated density             8,  1.213 Mg/m^3  
   
      Absorption coefficient            0.070 mm^-1  
   
      F(000)                            1312  
   
      Crystal size                      0.50 x ?0.50 x 0.40 mm  
   
      Theta range for data collection   2.21 to 27.49 deg.  
   
      Limiting indices                  -17<=h<=16, -33<=k<=33, -13<=l<=12  
   
      Reflections collected / unique    16219 / 3853 [R(int) = 0.0356]  
   
      Completeness to theta = 27.49     99.5 %  
   
      Absorption correction             None  
   
      Refinement method                 Full-matrix least-squares on F^2  
   
      Data / restraints / parameters    3853 / 1 / 218  
   
      Goodness-of-fit on F^2            1.054  
   
      Final R indices [I>2sigma(I)]     R1 = 0.0361, wR2 = 0.0896  
   
      R indices (all data)              R1 = 0.0455, wR2 = 0.0946  
   
      Absolute structure parameter      0.00  
   




         Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic  
         displacement parameters (A^2 x 10^3) for KR21111.  
         U(eq) is defined as one third of the trace of the orthogonalized  
         Uij tensor.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          N(1)         9304(1)       8324(1)        969(1)       52(1)  
          C(2)         9278(1)       8731(1)       1711(2)       48(1)  
          C(3)        10204(1)       9053(1)       2085(2)       52(1)  
          C(4)        10830(1)       8717(1)       3014(2)       48(1)  
          C(5)        11212(1)       8258(1)       2591(2)       51(1)  
          C(6)        11059(1)       8010(1)       1303(2)       52(1)  
          C(7)        10181(1)       8078(1)        522(1)       52(1)  
          C(21)        8269(1)       8895(1)       2214(2)       51(1)  
          C(22)        7408(1)       8706(1)       1584(2)       68(1)  
          C(23)        6460(1)       8851(1)       2005(2)       85(1)  
          C(24)        6345(2)       9178(1)       3069(2)       84(1)  
          C(25)        7171(2)       9362(1)       3719(2)       82(1)  
          C(26)        8133(1)       9222(1)       3299(2)       65(1)  
          C(41)       11028(1)       8912(1)       4383(2)       49(1)  
          C(42)       11130(1)       8574(1)       5460(2)       58(1)  
          C(43)       11340(1)       8761(1)       6724(2)       68(1)  
          C(44)       11444(1)       9288(1)       6942(2)       71(1)  
          C(45)       11343(1)       9630(1)       5900(2)       73(1)  
          C(46)       11142(1)       9446(1)       4632(2)       65(1)  
          C(31)       10774(1)       9263(1)        868(2)       67(1)  
          C(13)       11811(1)       7674(1)        817(2)       62(1)  
          C(14)       11735(2)       7442(1)       -421(2)       68(1)  
          C(15)       10894(2)       7524(1)      -1199(2)       69(1)  
          C(16)       10115(1)       7824(1)       -718(2)       62(1)  




           Table 3.  Selected bond lengths [A] and angles [deg] for KR21111.  
           _____________________________________________________________  
   
            N(1)-C(2)                     1.2776(18)  
            N(1)-C(7)                     1.3964(19)  
            C(2)-C(21)                    1.489(2)  
            C(2)-C(3)                     1.5236(19)  
            C(3)-C(4)                     1.5137(19)  
            C(3)-C(31)                    1.532(2)  
            C(4)-C(5)                     1.344(2)  
            C(4)-C(41)                    1.482(2)  
            C(5)-C(6)                     1.451(2)  
            C(6)-C(13)                    1.403(2)  
            C(6)-C(7)                     1.413(2)  
            C(7)-C(16)                    1.403(2)  
            C(13)-C(14)                   1.377(3)  
            C(14)-C(15)                   1.376(3)  
            C(15)-C(16)                   1.374(2)  
   
            C(2)-N(1)-C(7)              125.12(12)  
            N(1)-C(2)-C(3)              123.98(13)  
            C(4)-C(3)-C(2)              106.70(10)  
            C(5)-C(4)-C(3)              120.45(13)  
            C(4)-C(5)-C(6)              127.38(14)  
            C(13)-C(6)-C(7)             117.91(14)  
            C(13)-C(6)-C(5)             118.40(14)  
            C(7)-C(6)-C(5)              123.67(13)  
            N(1)-C(7)-C(16)             116.07(14)  
            N(1)-C(7)-C(6)              124.33(13)  
            C(16)-C(7)-C(6)             119.02(14)  
            C(14)-C(13)-C(6)            121.52(17)  
            C(15)-C(14)-C(13)           120.30(16)  
            C(16)-C(15)-C(14)           119.64(17)  
            C(15)-C(16)-C(7)            121.42(17)  
           _____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  




           Table 4.  Bond lengths [A] and angles [deg] for KR21111.  
           _____________________________________________________________  
   
            N(1)-C(2)                     1.2776(18)  
            N(1)-C(7)                     1.3964(19)  
            C(2)-C(21)                    1.489(2)  
            C(2)-C(3)                     1.5236(19)  
            C(3)-C(4)                     1.5137(19)  
            C(3)-C(31)                    1.532(2)  
            C(3)-H(3)                     0.9800  
            C(4)-C(5)                     1.344(2)  
            C(4)-C(41)                    1.482(2)  
            C(5)-C(6)                     1.451(2)  
            C(5)-H(5)                     0.9300  
            C(6)-C(13)                    1.403(2)  
            C(6)-C(7)                     1.413(2)  
            C(7)-C(16)                    1.403(2)  
            C(21)-C(26)                   1.383(2)  
            C(21)-C(22)                   1.390(2)  
            C(22)-C(23)                   1.377(3)  
            C(22)-H(22)                   0.9300  
            C(23)-C(24)                   1.362(3)  
            C(23)-H(23)                   0.9300  
            C(24)-C(25)                   1.358(3)  
            C(24)-H(24)                   0.9300  
            C(25)-C(26)                   1.390(3)  
            C(25)-H(25)                   0.9300  
            C(26)-H(26)                   0.9300  
            C(41)-C(42)                   1.387(2)  
            C(41)-C(46)                   1.395(2)  
            C(42)-C(43)                   1.381(2)  
            C(42)-H(42)                   0.9300  
            C(43)-C(44)                   1.370(3)  
            C(43)-H(43)                   0.9300  
            C(44)-C(45)                   1.367(3)  
            C(44)-H(44)                   0.9300  
            C(45)-C(46)                   1.380(3)  
            C(45)-H(45)                   0.9300  
            C(46)-H(46)                   0.9300  
            C(31)-H(31A)                  0.9600  
            C(31)-H(31B)                  0.9600  
            C(31)-H(31C)                  0.9600  
            C(13)-C(14)                   1.377(3)  
            C(13)-H(13)                   0.9300  
            C(14)-C(15)                   1.376(3)  
            C(14)-H(14)                   0.9300  
            C(15)-C(16)                   1.374(2)  
            C(15)-H(15)                   0.9300  
            C(16)-H(16)                   0.9300  
   
            C(2)-N(1)-C(7)              125.12(12)  
            N(1)-C(2)-C(21)             116.65(12)  
            N(1)-C(2)-C(3)              123.98(13)  
            C(21)-C(2)-C(3)             119.37(12)  
            C(4)-C(3)-C(2)              106.70(10)  
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            C(4)-C(3)-C(31)             114.68(12)  
            C(2)-C(3)-C(31)             113.05(12)  
            C(4)-C(3)-H(3)              107.4  
            C(2)-C(3)-H(3)              107.4  
            C(31)-C(3)-H(3)             107.4  
            C(5)-C(4)-C(41)             121.12(13)  
            C(5)-C(4)-C(3)              120.45(13)  
            C(41)-C(4)-C(3)             118.41(12)  
            C(4)-C(5)-C(6)              127.38(14)  
            C(4)-C(5)-H(5)              116.3  
            C(6)-C(5)-H(5)              116.3  
            C(13)-C(6)-C(7)             117.91(14)  
            C(13)-C(6)-C(5)             118.40(14)  
            C(7)-C(6)-C(5)              123.67(13)  
            N(1)-C(7)-C(16)             116.07(14)  
            N(1)-C(7)-C(6)              124.33(13)  
            C(16)-C(7)-C(6)             119.02(14)  
            C(26)-C(21)-C(22)           117.37(15)  
            C(26)-C(21)-C(2)            123.47(14)  
            C(22)-C(21)-C(2)            119.15(15)  
            C(23)-C(22)-C(21)           121.20(18)  
            C(23)-C(22)-H(22)           119.4  
            C(21)-C(22)-H(22)           119.4  
            C(24)-C(23)-C(22)           120.38(19)  
            C(24)-C(23)-H(23)           119.8  
            C(22)-C(23)-H(23)           119.8  
            C(25)-C(24)-C(23)           119.83(19)  
            C(25)-C(24)-H(24)           120.1  
            C(23)-C(24)-H(24)           120.1  
            C(24)-C(25)-C(26)           120.4(2)  
            C(24)-C(25)-H(25)           119.8  
            C(26)-C(25)-H(25)           119.8  
            C(21)-C(26)-C(25)           120.78(17)  
            C(21)-C(26)-H(26)           119.6  
            C(25)-C(26)-H(26)           119.6  
            C(42)-C(41)-C(46)           117.26(14)  
            C(42)-C(41)-C(4)            121.86(12)  
            C(46)-C(41)-C(4)            120.87(13)  
            C(43)-C(42)-C(41)           121.19(15)  
            C(43)-C(42)-H(42)           119.4  
            C(41)-C(42)-H(42)           119.4  
            C(44)-C(43)-C(42)           120.33(17)  
            C(44)-C(43)-H(43)           119.8  
            C(42)-C(43)-H(43)           119.8  
            C(45)-C(44)-C(43)           119.73(17)  
            C(45)-C(44)-H(44)           120.1  
            C(43)-C(44)-H(44)           120.1  
            C(44)-C(45)-C(46)           120.26(15)  
            C(44)-C(45)-H(45)           119.9  
            C(46)-C(45)-H(45)           119.9  
            C(45)-C(46)-C(41)           121.22(16)  
            C(45)-C(46)-H(46)           119.4  
            C(41)-C(46)-H(46)           119.4  
            C(3)-C(31)-H(31A)           109.5  
            C(3)-C(31)-H(31B)           109.5  
            H(31A)-C(31)-H(31B)         109.5  
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            C(3)-C(31)-H(31C)           109.5  
            H(31A)-C(31)-H(31C)         109.5  
            H(31B)-C(31)-H(31C)         109.5  
            C(14)-C(13)-C(6)            121.52(17)  
            C(14)-C(13)-H(13)           119.2  
            C(6)-C(13)-H(13)            119.2  
            C(15)-C(14)-C(13)           120.30(16)  
            C(15)-C(14)-H(14)           119.8  
            C(13)-C(14)-H(14)           119.8  
            C(16)-C(15)-C(14)           119.64(17)  
            C(16)-C(15)-H(15)           120.2  
            C(14)-C(15)-H(15)           120.2  
            C(15)-C(16)-C(7)            121.42(17)  
            C(15)-C(16)-H(16)           119.3  
            C(7)-C(16)-H(16)            119.3  
           _____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  




    Table 5.  Anisotropic displacement parameters (A^2 x 10^3) for KR21111.  
    The anisotropic displacement factor exponent takes the form:  
    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ]  
   
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    N(1)     53(1)      47(1)      56(1)       1(1)      -7(1)      -5(1)  
    C(2)     49(1)      44(1)      50(1)       5(1)      -8(1)      -4(1)  
    C(3)     52(1)      43(1)      61(1)       3(1)     -10(1)      -3(1)  
    C(4)     43(1)      46(1)      54(1)       4(1)      -5(1)      -6(1)  
    C(5)     50(1)      49(1)      55(1)       6(1)      -4(1)       2(1)  
    C(6)     58(1)      41(1)      56(1)       4(1)       2(1)      -3(1)  
    C(7)     57(1)      41(1)      57(1)       2(1)       1(1)      -8(1)  
    C(21)    52(1)      47(1)      54(1)      11(1)      -3(1)      -2(1)  
    C(22)    55(1)      72(1)      76(1)      -1(1)      -1(1)     -12(1)  
    C(23)    52(1)     108(1)      96(2)       6(1)       0(1)     -14(1)  
    C(24)    58(1)     111(2)      83(1)      22(1)      17(1)      10(1)  
    C(25)    79(1)      97(1)      70(1)      -1(1)       8(1)      15(1)  
    C(26)    60(1)      74(1)      62(1)      -1(1)      -4(1)       4(1)  
    C(41)    41(1)      50(1)      56(1)       0(1)      -1(1)      -2(1)  
    C(42)    53(1)      62(1)      60(1)       5(1)      -3(1)       1(1)  
    C(43)    62(1)      85(1)      56(1)      11(1)      -1(1)      -1(1)  
    C(44)    62(1)      96(1)      54(1)     -14(1)      -1(1)      -3(1)  
    C(45)    84(1)      63(1)      72(1)     -13(1)      -7(1)      -5(1)  
    C(46)    77(1)      55(1)      61(1)       0(1)      -8(1)      -4(1)  
    C(31)    67(1)      60(1)      74(1)      19(1)     -12(1)     -17(1)  
    C(13)    65(1)      48(1)      71(1)       2(1)       4(1)       2(1)  
    C(14)    80(1)      49(1)      74(1)      -3(1)      17(1)       0(1)  
    C(15)    91(1)      55(1)      62(1)      -6(1)       9(1)     -12(1)  
    C(16)    73(1)      54(1)      60(1)      -4(1)      -2(1)     -13(1)  




         Table 6.  Hydrogen coordinates ( x 10^4) and isotropic  
         displacement parameters (A^2 x 10^3) for KR21111.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(3)         9969          9356          2599          62  
          H(5)        11622          8080          3192          62  
          H(22)        7474          8478           866          81  
          H(23)        5894          8725          1559         102  
          H(24)        5703          9274          3350         101  
          H(25)        7092          9583          4450          98  
          H(26)        8693          9351          3753          78  
          H(42)       11054          8215          5328          70  
          H(43)       11411          8527          7431          81  
          H(44)       11582          9413          7795          85  
          H(45)       11409          9988          6047          88  
          H(46)       11081          9683          3931          77  
          H(31A)      11326          9478          1161         100  
          H(31B)      10325          9469           328         100  
          H(31C)      11029          8975           352         100  
          H(13)       12374          7606          1343          74  
          H(14)       12254          7230          -732          81  
          H(15)       10854          7376         -2047          83  
          H(16)        9532          7860         -1224          75  




         Table 7.  Torsion angles [deg] for KR21111.  
         ________________________________________________________________  
   
          C(7)-N(1)-C(2)-C(21)                               -172.64(13)  
          C(7)-N(1)-C(2)-C(3)                                   8.0(2)  
          N(1)-C(2)-C(3)-C(4)                                 -69.45(18)  
          C(21)-C(2)-C(3)-C(4)                                111.21(14)  
          N(1)-C(2)-C(3)-C(31)                                 57.52(18)  
          C(21)-C(2)-C(3)-C(31)                              -121.82(14)  
          C(2)-C(3)-C(4)-C(5)                                  62.00(17)  
          C(31)-C(3)-C(4)-C(5)                                -63.99(18)  
          C(2)-C(3)-C(4)-C(41)                               -119.48(13)  
          C(31)-C(3)-C(4)-C(41)                               114.53(14)  
          C(41)-C(4)-C(5)-C(6)                                177.91(13)  
          C(3)-C(4)-C(5)-C(6)                                  -3.6(2)  
          C(4)-C(5)-C(6)-C(13)                                152.80(15)  
          C(4)-C(5)-C(6)-C(7)                                 -28.8(2)  
          C(2)-N(1)-C(7)-C(16)                               -149.86(14)  
          C(2)-N(1)-C(7)-C(6)                                  39.0(2)  
          C(13)-C(6)-C(7)-N(1)                                168.55(13)  
          C(5)-C(6)-C(7)-N(1)                                  -9.9(2)  
          C(13)-C(6)-C(7)-C(16)                                -2.33(19)  
          C(5)-C(6)-C(7)-C(16)                                179.26(13)  
          N(1)-C(2)-C(21)-C(26)                               161.01(14)  
          C(3)-C(2)-C(21)-C(26)                               -19.6(2)  
          N(1)-C(2)-C(21)-C(22)                               -18.1(2)  
          C(3)-C(2)-C(21)-C(22)                               161.28(13)  
          C(26)-C(21)-C(22)-C(23)                               1.6(2)  
          C(2)-C(21)-C(22)-C(23)                             -179.22(17)  
          C(21)-C(22)-C(23)-C(24)                              -1.1(3)  
          C(22)-C(23)-C(24)-C(25)                               0.1(3)  
          C(23)-C(24)-C(25)-C(26)                               0.5(3)  
          C(22)-C(21)-C(26)-C(25)                              -1.1(2)  
          C(2)-C(21)-C(26)-C(25)                              179.80(16)  
          C(24)-C(25)-C(26)-C(21)                               0.1(3)  
          C(5)-C(4)-C(41)-C(42)                               -33.7(2)  
          C(3)-C(4)-C(41)-C(42)                               147.82(13)  
          C(5)-C(4)-C(41)-C(46)                               145.00(15)  
          C(3)-C(4)-C(41)-C(46)                               -33.5(2)  
          C(46)-C(41)-C(42)-C(43)                              -0.4(2)  
          C(4)-C(41)-C(42)-C(43)                              178.35(14)  
          C(41)-C(42)-C(43)-C(44)                               0.6(3)  
          C(42)-C(43)-C(44)-C(45)                              -0.3(3)  
          C(43)-C(44)-C(45)-C(46)                              -0.3(3)  
          C(44)-C(45)-C(46)-C(41)                               0.6(3)  
          C(42)-C(41)-C(46)-C(45)                              -0.3(3)  
          C(4)-C(41)-C(46)-C(45)                             -178.98(17)  
          C(7)-C(6)-C(13)-C(14)                                 4.2(2)  
          C(5)-C(6)-C(13)-C(14)                              -177.27(14)  
          C(6)-C(13)-C(14)-C(15)                               -2.1(2)  
          C(13)-C(14)-C(15)-C(16)                              -2.1(2)  
          C(14)-C(15)-C(16)-C(7)                                4.0(2)  
          N(1)-C(7)-C(16)-C(15)                              -173.32(13)  





III. 3-methyl pseudo-axial and pseudo-equatorial supporting materials 
Compound 2 pseudo-axial  
 
 
Zero negative frequencies 
 
Zero-point correction=                           0.354727 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373581 
 Thermal correction to Enthalpy=                  0.374525 
 Thermal correction to Gibbs Free Energy=         0.306839 
 Sum of electronic and zero-point Energies=           -942.282102 
 Sum of electronic and thermal Energies=              -942.263248 
 Sum of electronic and thermal Enthalpies=            -942.262304 
 Sum of electronic and thermal Free Energies=         -942.329990 
 
0 1 
 C                  2.09378500   -1.44886500   -0.28852400 
 C                  2.54470800   -0.10645400   -0.11582000 
 C                  0.52173700    1.09273900    0.32419900 
 C                 -0.36330100   -1.20692000    0.24428800 
 C                 -0.15610300   -0.00367200    1.15249400 
 H                 -1.13442300    0.36781100    1.45745100 
 C                  3.06645900   -2.45620200   -0.48280300 
 52 
 H                  2.72232200   -3.47425400   -0.65195700 
 C                  3.93408700    0.14911300   -0.10013200 
 C                  4.86188600   -0.87137500   -0.22357400 
 H                  5.92441600   -0.64615800   -0.18939700 
 C                  4.42462200   -2.18889100   -0.43120400 
 H                  5.14399400   -2.99279100   -0.55995800 
 H                  4.24896000    1.18315700    0.00333800 
 C                 -0.22048600    2.35469400    0.03579000 
 C                 -1.62398300    2.42151700    0.03668100 
 C                  0.50240400    3.52171300   -0.27448600 
 C                 -2.28161000    3.61605700   -0.25985700 
 H                 -2.21807400    1.53453000    0.23282500 
 C                 -0.15454800    4.71528300   -0.55328000 
 H                  1.58519800    3.46652800   -0.28760900 
 C                 -1.55163200    4.76881900   -0.54757400 
 H                 -3.36802000    3.64148800   -0.26710900 
 H                  0.42353200    5.60810300   -0.77717100 
 C                  0.69373100   -1.83572500   -0.33219500 
 N                  1.72637200    1.01371900   -0.12114900 
 C                 -1.74377600   -1.69980000    0.01532900 
 C                 -2.70916800   -1.67738000    1.03990500 
 C                 -2.12801500   -2.21950800   -1.23549300 
 C                 -3.99592800   -2.17068700    0.82857100 
 H                 -2.44422100   -1.29873900    2.02325300 
 C                 -3.41379900   -2.71234900   -1.44727900 
 H                 -1.41445600   -2.20751400   -2.05410500 
 C                 -4.35487400   -2.69150500   -0.41576400 
 H                 -4.71783700   -2.15275400    1.64091000 
 H                 -3.68579100   -3.10029700   -2.42548700 
 H                 -5.35950900   -3.07057400   -0.58211800 
 H                 -2.06506200    5.70093200   -0.76811900 
 H                  0.49526500   -2.76975500   -0.85561200 
 C                  0.61681800   -0.30719800    2.45455000 
 H                  1.62516900   -0.67880000    2.26489000 
 H                  0.69481400    0.59892400    3.06605500 




Compound 2 pseudo-equatorial 
 
Zero negative frequencies 
 
Zero-point correction=                           0.354552 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373300 
 Thermal correction to Enthalpy=                  0.374244 
 Thermal correction to Gibbs Free Energy=         0.306904 
 Sum of electronic and zero-point Energies=           -942.275712 
 Sum of electronic and thermal Energies=              -942.256965 
 Sum of electronic and thermal Enthalpies=            -942.256020 
 Sum of electronic and thermal Free Energies=         -942.323360 
 
0 1 
 C                  2.34741500   -1.21966800   -0.26668900 
 C                  2.65770500    0.16204900   -0.07697800 
 C                  0.53368800    1.09884300    0.37863700 
 C                 -0.09275400   -1.24729500    0.31642700 
 C                  0.14677600   -0.08497200    1.27764600 
 C                  3.42029700   -2.12209000   -0.45392100 
 H                  3.18409000   -3.16776200   -0.63877800 
 C                  4.01400200    0.55803100   -0.03250200 
 C                  5.03957100   -0.36351000   -0.14544400 
 H                  6.07369200   -0.03439600   -0.08801100 
 C                  4.74160900   -1.71778700   -0.37297200 
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 H                  5.54226000   -2.44220700   -0.49376800 
 H                  4.22191200    1.61754000    0.08353200 
 C                 -0.41515400    2.20313400    0.06305000 
 C                 -1.77725000    1.97025500   -0.18558300 
 C                  0.07286800    3.51730600   -0.03544700 
 C                 -2.62819600    3.02561400   -0.51564400 
 H                 -2.16941600    0.95867700   -0.16123400 
 C                 -0.78154000    4.57078400   -0.34877900 
 H                  1.12965800    3.69241500    0.13634300 
 C                 -2.13685900    4.32931300   -0.58934000 
 H                 -3.67666900    2.82495600   -0.71948900 
 H                 -0.38926700    5.58262900   -0.40928600 
 C                  0.98737400   -1.73361200   -0.34828600 
 N                  1.71737200    1.18428700   -0.11981500 
 C                 -1.44059900   -1.81780100    0.04584100 
 C                 -2.25112100   -2.35179500    1.06431500 
 C                 -1.91619900   -1.88071500   -1.27691500 
 C                 -3.48809200   -2.92371000    0.76991400 
 H                 -1.89828700   -2.34684200    2.09026800 
 C                 -3.15518500   -2.45065900   -1.57129600 
 H                 -1.30617600   -1.46409600   -2.07332800 
 C                 -3.94717400   -2.97272800   -0.54804300 
 H                 -4.09151400   -3.33959000    1.57260000 
 H                 -3.50164000   -2.48270300   -2.60097800 
 H                 -4.91318400   -3.41594800   -0.77448600 
 H                 -2.80305700    5.15133200   -0.83753900 
 H                  0.85107600   -2.62028000   -0.96558100 
 H                  1.07761200   -0.31708600    1.81421300 
 C                 -0.90807400    0.21938400    2.34934100 
 H                 -1.92295800    0.30880800    1.95859900 
 H                 -0.90840100   -0.56686800    3.11146500 
 H                 -0.65998500    1.16119500    2.85017300 
 
 
IV. Ring-Flip Supporting Materials 
i. Parent Compound 1 ring-flip computational data 
Parent compound 1 ring-flip reactant 
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Zero negative frequencies 
 
Zero-point correction=                           0.326537 (Hartree/Particle) 
 Thermal correction to Energy=                    0.343767 
 Thermal correction to Enthalpy=                  0.344711 
 Thermal correction to Gibbs Free Energy=         0.280300 
 Sum of electronic and zero-point Energies=           -903.001089 
 Sum of electronic and thermal Energies=              -902.983859 
 Sum of electronic and thermal Enthalpies=            -902.982915 
 Sum of electronic and thermal Free Energies=         -903.047326 
 
0 1 
 C                  2.33366900   -1.18307100   -0.14146300 
 C                  2.60599600    0.20904400    0.03237100 
 C                  0.45961000    1.12887600    0.43405100 
 C                 -0.12228200   -1.25259000    0.34564900 
 C                  0.03594700   -0.06784900    1.27505600 
 H                 -0.87199900    0.14262100    1.83899200 
 C                  3.43377400   -2.06206300   -0.27529700 
 H                  3.22808600   -3.11633300   -0.44740200 
 C                  3.95096200    0.63575000    0.11086900 
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 C                  5.00229400   -0.26203700    0.04796600 
 H                  6.02576200    0.09369700    0.13092200 
 C                  4.74291000   -1.62619000   -0.16148500 
 H                  5.56269300   -2.33445200   -0.24341400 
 H                  4.12982200    1.70188200    0.21365600 
 C                 -0.49651900    2.22974800    0.14667900 
 C                 -1.88155000    2.08312100    0.32936300 
 C                 -0.01039700    3.45976500   -0.33465800 
 C                 -2.75283500    3.13465600    0.04255100 
 H                 -2.29520200    1.13798600    0.66593800 
 C                 -0.87933700    4.51042200   -0.60697000 
 H                  1.05841200    3.56693600   -0.48306500 
 C                 -2.25632000    4.35309900   -0.41933800 
 H                 -3.82203900    2.99732500    0.17995700 
 H                 -0.48396700    5.45637900   -0.96780700 
 C                  0.99407100   -1.74059900   -0.25310500 
 N                  1.65355500    1.21918400   -0.03840100 
 C                 -1.45594900   -1.85251000    0.11653600 
 C                 -2.40911700   -1.93686700    1.14890200 
 C                 -1.80368300   -2.37692200   -1.14288200 
 C                 -3.65063500   -2.53425800    0.93533000 
 H                 -2.16734400   -1.56016500    2.13893200 
 C                 -3.04344900   -2.97551600   -1.35589300 
 H                 -1.10019700   -2.28606800   -1.96524500 
 C                 -3.97402900   -3.05729000   -0.31777400 
 H                 -4.36427900   -2.59620700    1.75276300 
 H                 -3.28916900   -3.36610700   -2.33996300 
 H                 -4.94365100   -3.51803300   -0.48566200 
 H                 -2.93520100    5.17411700   -0.63421600 
 H                  0.91369500   -2.66617700   -0.82059100 
 H                  0.84090800   -0.26201500    1.99625500 
 
Parent compound 1 ring-flip transition state  
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One negative frequency 
 
Zero-point correction=                           0.326191 (Hartree/Particle) 
 Thermal correction to Energy=                    0.342874 
 Thermal correction to Enthalpy=                  0.343819 
 Thermal correction to Gibbs Free Energy=         0.280898 
 Sum of electronic and zero-point Energies=           -902.986451 
 Sum of electronic and thermal Energies=              -902.969768 
 Sum of electronic and thermal Enthalpies=            -902.968824 
 Sum of electronic and thermal Free Energies=         -903.031744 
 
0 1 
 C                  0.45178000    2.41236800    0.08716000 
 C                 -0.95431000    2.21144900    0.02146000 
 C                 -1.27758600   -0.21323600   -0.03897300 
 C                  1.37507600    0.02129300    0.04233600 
 C                  0.12239000   -0.81640100   -0.06471500 
 H                  0.20217700   -1.41646500   -0.98544200 
 C                  0.92715800    3.73710200    0.13212600 
 H                  2.00188700    3.89410800    0.18823300 
 C                 -1.79485000    3.34072600   -0.00267400 
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 C                 -1.29938600    4.63985300    0.03377900 
 H                 -1.98208300    5.48468300    0.01180100 
 C                  0.07932200    4.84008700    0.10433900 
 H                  0.49335000    5.84402000    0.13866300 
 H                 -2.86264200    3.15325800   -0.05036800 
 C                 -2.38315900   -1.23084100   -0.06087400 
 C                 -2.14689900   -2.61225500   -0.18702300 
 C                 -3.72042200   -0.80171500    0.04660700 
 C                 -3.20351400   -3.52470300   -0.20524100 
 H                 -1.13818600   -2.99791500   -0.28006000 
 C                 -4.77160300   -1.71049400    0.03167300 
 H                 -3.90578500    0.26152000    0.14182000 
 C                 -4.51945600   -3.08029200   -0.09461900 
 H                 -2.99166800   -4.58578800   -0.30705100 
 H                 -5.79379500   -1.35126500    0.11916900 
 C                  1.46571400    1.36466900    0.11186600 
 N                 -1.66202600    1.00939300   -0.01067700 
 C                  2.64117000   -0.77143900    0.03206800 
 C                  2.78908200   -1.94778300    0.78926400 
 C                  3.73333800   -0.35888100   -0.75367700 
 C                  3.98452500   -2.66541200    0.78023900 
 H                  1.97517400   -2.29584700    1.41863500 
 C                  4.92707200   -1.07823500   -0.76750300 
 H                  3.63024900    0.52420900   -1.37752900 
 C                  5.05985800   -2.23552600    0.00137400 
 H                  4.07560200   -3.56227200    1.38752500 
 H                  5.75082000   -0.73924000   -1.39037800 
 H                  5.98849600   -2.79959100   -0.01092500 
 H                 -5.34134500   -3.79126800   -0.10672500 
 H                  2.47566000    1.75902400    0.20772200 
 H                  0.14448000   -1.56892500    0.73570100 
 
 
Parent compound 1 ring-flip product 
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No negative frequencies 
 
Zero-point correction=                           0.326424 (Hartree/Particle) 
 Thermal correction to Energy=                    0.343702 
 Thermal correction to Enthalpy=                  0.344647 
 Thermal correction to Gibbs Free Energy=         0.280056 
 Sum of electronic and zero-point Energies=           -902.999257 
 Sum of electronic and thermal Energies=              -902.981978 
 Sum of electronic and thermal Enthalpies=            -902.981034 
 Sum of electronic and thermal Free Energies=         -903.045624 
 
0 1 
 C                 -2.46463300   -0.85140100   -0.15784300 
 C                 -2.53556400    0.55986500    0.04001100 
 C                 -0.28057600    1.18023400    0.44908700 
 C                 -0.04030100   -1.27917700    0.30174200 
 C                 -0.00440400   -0.08874400    1.24328500 
 H                 -0.80605000   -0.19986900    1.98640000 
 C                 -3.67735300   -1.56434300   -0.29550000 
 H                 -3.62406600   -2.63359500   -0.48867900 
 C                 -3.80505300    1.17133500    0.13962100 
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 C                 -4.97403800    0.43225800    0.07451600 
 H                 -5.93610600    0.92763500    0.17385000 
 C                 -4.91145000   -0.95030000   -0.15941500 
 H                 -5.82345600   -1.53476400   -0.24363600 
 H                 -3.82953400    2.25022100    0.26002100 
 C                  0.80128600    2.16499100    0.17331400 
 C                  1.96263000    2.25150900    0.95945500 
 C                  0.65066200    3.06885300   -0.89488400 
 C                  2.94144000    3.20835500    0.68665000 
 H                  2.10302900    1.59065000    1.80887700 
 C                  1.62960600    4.01748500   -1.17020600 
 H                 -0.24936700    3.00637000   -1.49663400 
 C                  2.78144100    4.09120900   -0.38078400 
 H                  3.82739600    3.26374100    1.31347300 
 H                  1.49738800    4.70099900   -2.00476100 
 C                 -1.21535900   -1.58797400   -0.29702300 
 N                 -1.45177800    1.43354800   -0.02096500 
 C                  1.18486000   -2.08587300    0.08499300 
 C                  2.45507000   -1.48365500    0.03677400 
 C                  1.11285600   -3.48214900   -0.07709500 
 C                  3.60298600   -2.24390100   -0.18337300 
 H                  2.54549100   -0.40630800    0.14023300 
 C                  2.26058700   -4.24167100   -0.29269700 
 H                  0.14935700   -3.97798700   -0.00363700 
 C                  3.51301900   -3.62654400   -0.34904100 
 H                  4.57062100   -1.75091400   -0.22953400 
 H                  2.17693800   -5.31958600   -0.40511700 
 H                  4.40859400   -4.21935700   -0.51389000 
 H                  3.54681800    4.83173100   -0.59711600 
 H                 -1.26166500   -2.47521300   -0.92595400 
 H                  0.94077300   -0.05077400    1.78333200 
 
 
5-methyl 3 ring-flip computational data 
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5-methyl 3 ring-flip reactant
 
Zero negative frequencies 
 
Zero-point correction=                           0.354333 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373275 
 Thermal correction to Enthalpy=                  0.374219 
 Thermal correction to Gibbs Free Energy=         0.305829 
 Sum of electronic and zero-point Energies=           -942.281506 
 Sum of electronic and thermal Energies=              -942.262565 
 Sum of electronic and thermal Enthalpies=            -942.261621 
 Sum of electronic and thermal Free Energies=         -942.330011 
 
0 1 
 C                 -2.51531300    0.41020900    0.10353300 
 C                 -2.37537800   -0.99977900   -0.06587600 
 C                 -0.06647200   -1.30161900   -0.45500600 
 C                 -0.18478100    1.15438900   -0.29375800 
 C                 -0.01041000   -0.01145600   -1.25618000 
 H                  0.91352900    0.09836800   -1.82267000 
 H                 -0.84087700   -0.02635500   -1.97506500 
 C                 -3.82789900    0.93456400    0.12458900 
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 H                 -3.96066200    2.00175400    0.27222900 
 C                 -3.53270500   -1.79544900   -0.21766000 
 C                 -4.79957400   -1.23911000   -0.25083900 
 H                 -5.67034500   -1.87364700   -0.39232600 
 C                 -4.94908700    0.14266400   -0.07254800 
 H                 -5.93723000    0.59459000   -0.07935700 
 H                 -3.38778900   -2.86783100   -0.30710100 
 C                  1.15053600   -2.11943800   -0.19418000 
 C                  2.35160400   -1.94166600   -0.90123700 
 C                  1.09731600   -3.13281900    0.78232500 
 C                  3.46037500   -2.74936800   -0.64285900 
 H                  2.43255000   -1.17902700   -1.66804200 
 C                  2.20351500   -3.93381900    1.04176600 
 H                  0.16847200   -3.27307200    1.32392200 
 C                  3.39253600   -3.74588100    0.32979900 
 H                  4.37698800   -2.59724100   -1.20640900 
 H                  2.14161900   -4.70702900    1.80307800 
 C                 -1.37749000    1.32812300    0.33335700 
 N                 -1.18209600   -1.71371800    0.03807900 
 C                  0.98625000    2.06189000   -0.11717500 
 C                  2.21783700    1.57185000    0.35045300 
 C                  0.90275100    3.42070900   -0.46374600 
 C                  3.32102800    2.41513700    0.48048300 
 H                  2.30748400    0.52510300    0.62643100 
 C                  2.00733000    4.26405400   -0.33749300 
 H                 -0.03511400    3.81294000   -0.84723900 
 C                  3.22094400    3.76484000    0.13695800 
 H                  4.26035900    2.01598800    0.85460100 
 H                  1.91890600    5.31127900   -0.61522100 
 H                  4.08183300    4.42062200    0.23602100 
 H                  4.25756500   -4.37150800    0.53323100 
 C                 -1.62019900    2.46963700    1.30459200 
 H                 -0.68097300    2.89378400    1.66411500 
 H                 -2.19144900    3.28932300    0.84872600 
 H                 -2.19647700    2.12201100    2.16874400 
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5-methyl 3 ring-flip transition state
 
One negative frequency 
 
Zero-point correction=                           0.354171 (Hartree/Particle) 
 Thermal correction to Energy=                    0.372383 
 Thermal correction to Enthalpy=                  0.373327 
 Thermal correction to Gibbs Free Energy=         0.306813 
 Sum of electronic and zero-point Energies=           -942.262072 
 Sum of electronic and thermal Energies=              -942.243860 
 Sum of electronic and thermal Enthalpies=            -942.242916 
 Sum of electronic and thermal Free Energies=         -942.309430 
 
0 1 
 C                  0.36819700    2.41929900    0.00003700 
 C                 -1.04142000    2.17663200    0.00003900 
 C                 -1.36734200   -0.24488400   -0.00004100 
 C                  1.28660600    0.04419500    0.00000000 
 C                  0.03680700   -0.80835400   -0.00018900 
 H                  0.11401900   -1.49016600    0.86214200 
 H                  0.11402000   -1.48980500   -0.86281200 
 C                  0.76294000    3.77477100    0.00002400 
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 H                  1.81565400    4.01985800    0.00004600 
 C                 -1.92688400    3.27397600    0.00001000 
 C                 -1.49909800    4.59448600   -0.00002700 
 H                 -2.21978200    5.40742700   -0.00005400 
 C                 -0.13102200    4.84311800   -0.00001300 
 H                  0.25182900    5.86010800   -0.00002600 
 H                 -2.98450100    3.03296100    0.00002100 
 C                 -2.45935900   -1.27460300   -0.00003800 
 C                 -2.19951700   -2.65722400   -0.00026800 
 C                 -3.80471500   -0.85863400    0.00016900 
 C                 -3.24279700   -3.58494700   -0.00028800 
 H                 -1.18205700   -3.03127000   -0.00044600 
 C                 -4.84283300   -1.78260700    0.00015300 
 H                 -4.00676900    0.20593600    0.00033900 
 C                 -4.56789100   -3.15394900   -0.00007700 
 H                 -3.01355200   -4.64731200   -0.00047200 
 H                 -5.87254100   -1.43426400    0.00031600 
 C                  1.44680900    1.38858200    0.00006900 
 N                 -1.75365700    0.97441600    0.00007900 
 C                  2.47335100   -0.88491100    0.00004100 
 C                  3.00822100   -1.36300100    1.20572200 
 C                  3.00883400   -1.36232100   -1.20563800 
 C                  4.06219800   -2.27815600    1.20646200 
 H                  2.59924600   -1.00542800    2.14777400 
 C                  4.06280900   -2.27748100   -1.20635900 
 H                  2.60031800   -1.00423500   -2.14769400 
 C                  4.59260700   -2.73860500    0.00005600 
 H                  4.46881700   -2.63093100    2.15081000 
 H                  4.46989900   -2.62973600   -2.15069800 
 H                  5.41287600   -3.45137700    0.00006500 
 H                 -5.37963800   -3.87661700   -0.00009200 
 C                  2.86810000    1.93604400    0.00012800 
 H                  3.60677800    1.13733400    0.00018500 
 H                  3.05673000    2.55898500   -0.88263100 




5-methyl 3 ring-flip product
 
Zero negative frequencies 
 
Zero-point correction=                           0.354334 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373275 
 Thermal correction to Enthalpy=                  0.374219 
 Thermal correction to Gibbs Free Energy=         0.305833 
 Sum of electronic and zero-point Energies=           -942.281506 
 Sum of electronic and thermal Energies=              -942.262564 
 Sum of electronic and thermal Enthalpies=            -942.261620 
 Sum of electronic and thermal Free Energies=         -942.330006 
 
0 1 
 C                  2.51541400    0.41021400    0.10326100 
 C                  2.37536700   -0.99985700   -0.06564500 
 C                  0.06647400   -1.30159200   -0.45502800 
 C                  0.18482100    1.15443900   -0.29378700 
 C                  0.01048500   -0.01143400   -1.25620500 
 H                  0.84104400   -0.02632900   -1.97497200 
 H                 -0.91336700    0.09832900   -1.82284100 
 C                  3.82803000    0.93448000    0.12397600 
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 H                  3.96090100    2.00173700    0.27104900 
 C                  3.53269200   -1.79564100   -0.21703900 
 C                  4.79960100   -1.23941600   -0.25041800 
 H                  5.67032800   -1.87410100   -0.39151400 
 C                  4.94918200    0.14243900   -0.07281600 
 H                  5.93731800    0.59437100   -0.07992800 
 H                  3.38768600   -2.86804600   -0.30605900 
 C                 -1.15059100   -2.11930600   -0.19417600 
 C                 -2.35159400   -1.94155200   -0.90136500 
 C                 -1.09757100   -3.13257600    0.78246500 
 C                 -3.46044300   -2.74917600   -0.64305400 
 H                 -2.43244400   -1.17897200   -1.66823700 
 C                 -2.20383300   -3.93349600    1.04183900 
 H                 -0.16881200   -3.27283100    1.32421000 
 C                 -3.39276600   -3.74560100    0.32969700 
 H                 -4.37697100   -2.59703000   -1.20673600 
 H                 -2.14207400   -4.70663100    1.80323900 
 C                  1.37763400    1.32818400    0.33313500 
 N                  1.18207300   -1.71371800    0.03815000 
 C                 -0.98621600    2.06185600   -0.11715400 
 C                 -0.90272500    3.42079400   -0.46330200 
 C                 -2.21786100    1.57165800    0.35017100 
 C                 -2.00734900    4.26405400   -0.33697500 
 H                  0.03518800    3.81316900   -0.84653900 
 C                 -3.32110700    2.41486300    0.48026800 
 H                 -2.30752100    0.52483900    0.62587200 
 C                 -3.22102900    3.76466400    0.13713600 
 H                 -1.91890200    5.31136400   -0.61437600 
 H                 -4.26047600    2.01556300    0.85412800 
 H                 -4.08195900    4.42038300    0.23625800 
 H                 -4.25782900   -4.37118300    0.53312000 
 C                  1.62056300    2.46969200    1.30428800 
 H                  0.68146600    2.89466800    1.66314000 
 H                  2.19605600    2.12178700    2.16887000 
 H                  2.19279100    3.28880600    0.84862800 
 
iii. 6-methyl 4 ring-flip computational data 
6-methyl 4 ring-flip reactant  
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Zero negative frequencies 
 
Zero-point correction=                           0.354598 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373397 
 Thermal correction to Enthalpy=                  0.374341 
 Thermal correction to Gibbs Free Energy=         0.306739 
 Sum of electronic and zero-point Energies=           -942.288897 
 Sum of electronic and thermal Energies=              -942.270098 
 Sum of electronic and thermal Enthalpies=            -942.269154 
 Sum of electronic and thermal Free Energies=         -942.336756 
 
0 1 
 C                 -2.41072600    0.22674700   -0.08438800 
 C                 -2.18313400   -1.17856900    0.05010800 
 C                  0.15017900   -1.32567700    0.44752200 
 C                 -0.10617400    1.09331200    0.39189700 
 C                  0.13710300   -0.07740900    1.31837000 
 H                 -0.69529800   -0.17789300    2.02702200 
 H                  1.05649700    0.02486600    1.89350900 
 C                 -3.75624300    0.69557500   -0.16902700 
 C                 -3.28713700   -2.05647700    0.12570500 
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 C                 -4.58170000   -1.57576800    0.10491100 
 H                 -5.42107500   -2.26110000    0.18750700 
 C                 -4.81134600   -0.20123800   -0.05262800 
 H                 -5.83151600    0.17295700   -0.08840700 
 H                 -3.07852500   -3.11952400    0.19630800 
 C                  1.42387100   -2.02881500    0.14281200 
 C                  2.67782400   -1.43988400    0.37477700 
 C                  1.38364600   -3.32376900   -0.40742500 
 C                  3.85436900   -2.12525100    0.06935500 
 H                  2.74807400   -0.43018100    0.76585100 
 C                  2.55730800   -4.00941900   -0.69949700 
 H                  0.41419500   -3.77247500   -0.59360700 
 C                  3.79998900   -3.41308200   -0.46230400 
 H                  4.81419700   -1.64744000    0.24648800 
 H                  2.50567200   -5.01253300   -1.11481400 
 C                 -1.32222000    1.18779000   -0.20522600 
 N                 -0.94104300   -1.79710200   -0.04578700 
 C                  0.96291600    2.08739900    0.14461400 
 C                  1.83566000    2.49361900    1.17149900 
 C                  1.12487900    2.67315600   -1.12511700 
 C                  2.81825100    3.45587100    0.94245700 
 H                  1.72599800    2.07678000    2.16890700 
 C                  2.10566800    3.63582400   -1.35386200 
 H                  0.48976500    2.34522000   -1.94274200 
 C                  2.95778200    4.03260900   -0.32106800 
 H                  3.47221900    3.75972500    1.75569400 
 H                  2.21424200    4.06674600   -2.34576600 
 H                  3.72695800    4.77870200   -0.50098300 
 H                  4.71700300   -3.94883600   -0.69299200 
 H                 -1.52781500    2.08129200   -0.78864400 
 C                 -4.05368400    2.16810100   -0.34711700 
 H                 -3.58358400    2.77912100    0.43253900 
 H                 -3.69018500    2.54703500   -1.31177700 
 H                 -5.13201100    2.34939500   -0.31180100 
 
 
6-methyl 4 ring-flip transition state 
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One negative frequency 
 
Zero-point correction=                           0.354191 (Hartree/Particle) 
 Thermal correction to Energy=                    0.372476 
 Thermal correction to Enthalpy=                  0.373420 
 Thermal correction to Gibbs Free Energy=         0.306909 
 Sum of electronic and zero-point Energies=           -942.271891 
 Sum of electronic and thermal Energies=              -942.253607 
 Sum of electronic and thermal Enthalpies=            -942.252662 
 Sum of electronic and thermal Free Energies=         -942.319173 
 
0 1 
 C                  0.91066200    2.05822800    0.06418100 
 C                 -0.50315600    2.21710300    0.00105900 
 C                 -1.45785500   -0.04568800   -0.03613700 
 C                  1.15131400   -0.50660800    0.03575100 
 C                 -0.27257900   -0.99948800   -0.04007100 
 H                 -0.44062600   -1.70360900    0.78747600 
 H                 -0.35996200   -1.63100000   -0.93856800 
 C                  1.72249200    3.22749600    0.10086100 
 C                 -1.05031000    3.51312300   -0.03177100 
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 C                 -0.25011000    4.64569500   -0.00517500 
 H                 -0.69574600    5.63613900   -0.03311900 
 C                  1.13240000    4.49418700    0.06349200 
 H                  1.77181800    5.37294000    0.08981600 
 H                 -2.13147800    3.58812400   -0.07840200 
 C                 -2.79660600   -0.72770500   -0.05323900 
 C                 -2.93883700   -2.12388200   -0.15515800 
 C                 -3.97008800    0.04591800    0.03602600 
 C                 -4.20135700   -2.71993600   -0.16893200 
 H                 -2.06985500   -2.76731200   -0.23201900 
 C                 -5.22648500   -0.54790000    0.02550000 
 H                 -3.86374900    1.12138900    0.11384200 
 C                 -5.35041700   -1.93712500   -0.07764500 
 H                 -4.28142100   -3.80064600   -0.25185400 
 H                 -6.11531400    0.07361800    0.09837700 
 C                  1.59391500    0.76819700    0.08947600 
 N                 -1.49530900    1.23452900   -0.02425700 
 C                  2.17077300   -1.59922600    0.02003900 
 C                  2.01447700   -2.77464900    0.77745200 
 C                  3.32815700   -1.48443800   -0.77299000 
 C                  2.98397700   -3.77666900    0.76307200 
 H                  1.14187400   -2.90144700    1.41142400 
 C                  4.29584200   -2.48716100   -0.79175900 
 H                  3.45186900   -0.60671600   -1.40062000 
 C                  4.12991200   -3.63931700   -0.02153800 
 H                  2.84334200   -4.66661700    1.37109300 
 H                  5.17511100   -2.37275800   -1.42047100 
 H                  4.88119200   -4.42416200   -0.03791500 
 H                 -6.33282500   -2.40183600   -0.08642500 
 H                  2.67101700    0.85312300    0.17090100 
 C                  3.23514200    3.15763400    0.17875000 
 H                  3.58168100    2.63923000    1.08104900 
 H                  3.67376200    2.63723100   -0.68167500 
 H                  3.65890600    4.16587400    0.19941900 
 
 
6-methyl 4 ring-flip product 
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Zero negative frequencies 
 
Zero-point correction=                           0.354393 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373262 
 Thermal correction to Enthalpy=                  0.374206 
 Thermal correction to Gibbs Free Energy=         0.306365 
 Sum of electronic and zero-point Energies=           -942.287186 
 Sum of electronic and thermal Energies=              -942.268317 
 Sum of electronic and thermal Enthalpies=            -942.267373 
 Sum of electronic and thermal Free Energies=         -942.335214 
 
0 1 
 C                  2.40554700   -0.14029600   -0.09618200 
 C                  1.95704900   -1.48739900    0.04905000 
 C                 -0.37686600   -1.28072500    0.44736700 
 C                  0.26659400    1.09185700    0.34826000 
 C                 -0.18889200   -0.01852700    1.27628000 
 H                 -1.08710300    0.27044500    1.82058000 
 H                  0.60056300   -0.21473600    2.01459000 
 C                  3.80745100    0.10925100   -0.17400000 
 C                  2.90589600   -2.52875100    0.14274200 
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 C                  4.26131700   -2.26048000    0.13019700 
 H                  4.98031000   -3.06966800    0.22620300 
 C                  4.70688400   -0.94218600   -0.03792600 
 H                  5.77364200   -0.73428000   -0.06794000 
 H                  2.52935400   -3.54391800    0.22079600 
 C                 -1.73478100   -1.81803400    0.15738000 
 C                 -2.85297400   -1.51274900    0.95151600 
 C                 -1.90920900   -2.69304300   -0.93095300 
 C                 -4.10416100   -2.06200000    0.66666000 
 H                 -2.75371800   -0.86324300    1.81552600 
 C                 -3.15757000   -3.23439600   -1.21812000 
 H                 -1.04396400   -2.93510400   -1.53828200 
 C                 -4.26256500   -2.92036200   -0.42070700 
 H                 -4.95347000   -1.81947300    1.29973200 
 H                 -3.27226900   -3.90199300   -2.06803400 
 C                  1.48163800    0.97955500   -0.24109100 
 N                  0.63168300   -1.91039700   -0.04447900 
 C                 -0.60718000    2.26819400    0.11886900 
 C                 -2.00619900    2.13829400    0.05456200 
 C                 -0.05907200    3.55534600   -0.03666700 
 C                 -2.82096100    3.24627800   -0.17523300 
 H                 -2.46209200    1.15768300    0.15339600 
 C                 -0.87380200    4.66251000   -0.26246200 
 H                  1.01506000    3.69047000    0.05062900 
 C                 -2.26041100    4.51416200   -0.33500100 
 H                 -3.89841900    3.11515700   -0.23352700 
 H                 -0.42424800    5.64635800   -0.36971500 
 H                 -2.89648800    5.37810400   -0.50735600 
 H                 -5.23812700   -3.34277300   -0.64614500 
 H                  1.81404500    1.79671700   -0.87580500 
 C                  4.33363000    1.51421500   -0.36770200 
 H                  4.05042300    1.92705900   -1.34524600 
 H                  3.95031700    2.20411300    0.39368100 
 H                  5.42622300    1.52758300   -0.31274700 
 
iv. 1-methyl 5 ring-flip computational data 
1-methyl 5 ring-flip reactant 
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Zero negative frequencies 
 
Zero-point correction=                           0.354093 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373104 
 Thermal correction to Enthalpy=                  0.374048 
 Thermal correction to Gibbs Free Energy=         0.306170 
 Sum of electronic and zero-point Energies=           -942.263184 
 Sum of electronic and thermal Energies=              -942.244173 
 Sum of electronic and thermal Enthalpies=            -942.243229 
 Sum of electronic and thermal Free Energies=         -942.311107 
 
0 1 
 C                  0.14100700    2.37131800   -0.04880800 
 C                 -1.12617800    1.89375100    0.36532000 
 C                 -0.85781100   -0.52969900    0.21173000 
 C                  1.52506200    0.23956200   -0.04671900 
 C                  0.40869500   -0.68704500   -0.23888500 
 H                  0.61407300   -1.56449200   -0.84650100 
 C                  0.22564600    3.68345300   -0.54663900 
 H                  1.20105000    4.05973800   -0.84652300 
 C                 -2.24863200    2.72352100    0.24916800 
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 C                 -2.13609100    4.02321600   -0.24756500 
 H                 -3.01879600    4.65434300   -0.30734200 
 C                 -0.89282700    4.50679900   -0.65177900 
 H                 -0.79107800    5.51873300   -1.03349900 
 H                 -3.21710400    2.35792800    0.57661000 
 C                 -1.90341300   -1.54394300   -0.09924600 
 C                 -3.17596100   -1.14723500   -0.54738800 
 C                 -1.64135300   -2.91732300    0.03392700 
 C                 -4.14625700   -2.09463000   -0.86752000 
 H                 -3.38916100   -0.08933600   -0.67223200 
 C                 -2.61289000   -3.86503600   -0.28616000 
 H                 -0.67195300   -3.23688900    0.40608400 
 C                 -3.86952900   -3.45780600   -0.73752300 
 H                 -5.11940000   -1.76840700   -1.22541100 
 H                 -2.39048900   -4.92302700   -0.17385000 
 C                  1.37188700    1.58586500    0.05579600 
 C                  2.88976100   -0.35910300   -0.04193900 
 C                  3.11096800   -1.61030300    0.55974300 
 C                  3.98706000    0.28920500   -0.63574500 
 C                  4.38227100   -2.18225000    0.58594200 
 H                  2.27745400   -2.12568500    1.02915500 
 C                  5.25838500   -0.28089300   -0.60993000 
 H                  3.83466800    1.23609400   -1.14568200 
 C                  5.46308000   -1.51912900    0.00257900 
 H                  4.52896900   -3.14610700    1.06672300 
 H                  6.08919400    0.23715900   -1.08219400 
 H                  6.45375300   -1.96553000    0.01838500 
 H                 -4.62848400   -4.19567300   -0.98315400 
 H                  2.27589500    2.18329500    0.15809500 
 N                 -1.23291100    0.60954400    0.97243000 
 C                 -2.18155900    0.43456200    2.06470600 
 H                 -1.91670600   -0.46961600    2.62077300 
 H                 -2.09619800    1.29134800    2.74001800 
 H                 -3.23322000    0.33816300    1.75513700 
 
1-methyl 5 ring-flip transition state 
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One negative frequencies 
 
Zero-point correction=                           0.354758 (Hartree/Particle) 
 Thermal correction to Energy=                    0.372977 
 Thermal correction to Enthalpy=                  0.373921 
 Thermal correction to Gibbs Free Energy=         0.307201 
 Sum of electronic and zero-point Energies=           -942.243410 
 Sum of electronic and thermal Energies=              -942.225192 
 Sum of electronic and thermal Enthalpies=            -942.224248 
 Sum of electronic and thermal Free Energies=         -942.290968 
 
0 1 
 C                 -0.52632000    2.43436500   -0.03077900 
 C                  0.89917700    2.29261600   -0.05557200 
 C                  1.10671300   -0.25408800    0.01589000 
 C                 -1.44285700    0.04038800    0.00759400 
 C                 -0.17774600   -0.68518600    0.02960600 
 H                 -0.27505900   -1.76171400    0.10159100 
 C                 -1.06145700    3.73244900   -0.03967200 
 H                 -2.14435400    3.82170100   -0.01967400 
 C                  1.65171700    3.47914100   -0.10537600 
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 C                  1.07871000    4.75804400   -0.11440900 
 H                  1.73280300    5.62483700   -0.15217900 
 C                 -0.29430300    4.89719600   -0.07614100 
 H                 -0.77078200    5.87289900   -0.08011200 
 H                  2.72854300    3.44361100   -0.14139100 
 C                  2.10602400   -1.38321300    0.06087800 
 C                  2.50717400   -1.92835900    1.28839500 
 C                  2.58063000   -1.96193400   -1.12501200 
 C                  3.37356500   -3.02225900    1.32964000 
 H                  2.13076000   -1.49448300    2.21076900 
 C                  3.44714000   -3.05510200   -1.08341900 
 H                  2.26202100   -1.55382000   -2.08054600 
 C                  3.84721300   -3.58702500    0.14416100 
 H                  3.67194800   -3.43722600    2.28880300 
 H                  3.80292000   -3.49631500   -2.01080800 
 C                 -1.55475100    1.38430900   -0.02032900 
 C                 -2.68274500   -0.78610500   -0.00265000 
 C                 -2.76370600   -1.96114300   -0.77117500 
 C                 -3.81091200   -0.41372200    0.74970600 
 C                 -3.93259500   -2.72055000   -0.80287400 
 H                 -1.91120500   -2.26700800   -1.37094200 
 C                 -4.97889800   -1.17376400    0.72061700 
 H                 -3.75763400    0.46790000    1.38205500 
 C                 -5.04665500   -2.33120500   -0.05731800 
 H                 -3.97340400   -3.61768300   -1.41548300 
 H                 -5.83386200   -0.86767500    1.31824000 
 H                 -5.95542000   -2.92684200   -0.07688700 
 H                  4.51898800   -4.44058800    0.17622600 
 H                 -2.56331400    1.78366700   -0.07911600 
 N                  1.63146700    1.05449200   -0.03236900 
 C                  3.08955400    1.20292000   -0.02272900 
 H                  3.56525700    0.23126600    0.03093200 
 H                  3.44434900    1.70130200   -0.93368000 
 H                  3.41913800    1.78809600    0.84459900 
 
1-methyl 5 ring-flip product 
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Zero negative frequencies 
 
Zero-point correction=                           0.353750 (Hartree/Particle) 
 Thermal correction to Energy=                    0.373037 
 Thermal correction to Enthalpy=                  0.373981 
 Thermal correction to Gibbs Free Energy=         0.304688 
 Sum of electronic and zero-point Energies=           -942.260890 
 Sum of electronic and thermal Energies=              -942.241603 
 Sum of electronic and thermal Enthalpies=            -942.240659 
 Sum of electronic and thermal Free Energies=         -942.309952 
 
0 1 
 C                 -0.26782300    2.41472700   -0.10202400 
 C                  1.06728000    2.00900800    0.12229900 
 C                  0.98585600   -0.46108900    0.11186600 
 C                 -1.45337700    0.17523000   -0.09110500 
 C                 -0.29005500   -0.68117500   -0.29410300 
 H                 -0.48774800   -1.63222800   -0.77855300 
 C                 -0.49631400    3.73650100   -0.53794600 
 H                 -1.52283600    4.05930600   -0.69596900 
 C                  2.11393200    2.89555900   -0.15544100 
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 C                  1.86732800    4.19564900   -0.59481800 
 H                  2.69616100    4.87299600   -0.78149100 
 C                  0.54964100    4.62026300   -0.77797900 
 H                  0.33923300    5.63287900   -1.11123700 
 H                  3.13159300    2.55461100    0.01395600 
 C                  2.02981700   -1.51412000   -0.02403200 
 C                  1.70877400   -2.88397200    0.00951500 
 C                  3.38024800   -1.15619900   -0.18006100 
 C                  2.69577100   -3.85538400   -0.14135100 
 H                  0.68152600   -3.18967100    0.18496500 
 C                  4.36763500   -2.12820200   -0.32951400 
 H                  3.64024500   -0.10296400   -0.19369300 
 C                  4.03069900   -3.48297200   -0.31521800 
 H                  2.42350600   -4.90715300   -0.10671300 
 H                  5.40372900   -1.82611900   -0.45995300 
 C                 -1.41812400    1.53056600    0.03702000 
 C                 -2.78240500   -0.50644900   -0.06775200 
 C                 -3.12648400   -1.48209000   -1.01942300 
 C                 -3.73409200   -0.17474300    0.91164100 
 C                 -4.37968200   -2.09287000   -0.99917700 
 H                 -2.42048100   -1.74444000   -1.80254700 
 C                 -4.98674900   -0.78696300    0.93367600 
 H                 -3.47535100    0.55534000    1.67339800 
 C                 -5.31579500   -1.74953800   -0.02196200 
 H                 -4.62690700   -2.83533800   -1.75359000 
 H                 -5.70254300   -0.51842400    1.70640500 
 H                 -6.29025900   -2.23006200   -0.00365800 
 H                  4.80096100   -4.24136900   -0.42706800 
 H                 -2.37662100    2.04082100    0.10638200 
 N                  1.42025500    0.75002700    0.71050600 
 C                  1.59858300    0.72839800    2.16365300 
 H                  0.64308200    0.74453200    2.71164100 
 H                  2.14250600   -0.17886800    2.44495700 














d. Gas phase alkylation supporting materials 
i. 3-methyl 2 gas phase alkylation computational data 
3-methyl 2 gas phase alkylation reactant 
 
No negative frequencies 
 
Zero-point correction=                           0.357658 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381212 
 Thermal correction to Enthalpy=                  0.382156 
 Thermal correction to Gibbs Free Energy=         0.299145 
 Sum of electronic and zero-point Energies=           -960.596581 
 Sum of electronic and thermal Energies=              -960.573028 
 Sum of electronic and thermal Enthalpies=            -960.572083 
 Sum of electronic and thermal Free Energies=         -960.655094 
 
0 1 
 C                  1.05006900   -2.15997600    0.83606800 
 C                 -0.14184300   -1.42407100    1.06211100 
 C                  0.57791700    0.88191400    0.66551100 
 C                  2.70522100   -0.35028500    0.12876200 
 C                  1.92009000    0.83062500    0.48515100 
 H                  2.45429100    1.77381300    0.51621400 
 C                  1.07355500   -3.51298700    1.17738200 
 H                  1.98890700   -4.06708900    0.98479500 
 C                 -1.21573500   -2.10649300    1.64841400 
 C                 -1.17357300   -3.46055900    1.97200500 
 H                 -2.04432100   -3.93655200    2.41395200 
 C                 -0.01581200   -4.17938100    1.73412600 
 H                  0.05062500   -5.23545900    1.97475400 
 H                 -2.12241700   -1.54062000    1.85446900 
 C                 -0.04626700    2.24026400    0.81813300 
 C                  0.14900500    3.00632200    1.97127400 
 C                 -0.91794300    2.72956000   -0.16619900 
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 C                 -0.50905300    4.21961800    2.13727400 
 H                  0.82318100    2.63628500    2.73680600 
 C                 -1.58840900    3.94233900    0.00709500 
 H                 -1.02728100    2.17935700   -1.09969100 
 C                 -1.38722700    4.68799900    1.16237400 
 H                 -0.34112700    4.80217400    3.03808100 
 H                 -2.24689800    4.31022400   -0.77417000 
 C                  2.28553500   -1.62431000    0.23086200 
 N                 -0.39653500   -0.08464000    0.71814100 
 C                  4.05460900   -0.08949800   -0.44779700 
 C                  4.26296700    0.97133700   -1.33648000 
 C                  5.15080800   -0.89413700   -0.11853800 
 C                  5.51461700    1.20551400   -1.89228400 
 H                  3.42529500    1.60644200   -1.60657600 
 C                  6.40391700   -0.66064000   -0.67122200 
 H                  5.01697100   -1.69881600    0.59726000 
 C                  6.59207900    0.39003400   -1.56278600 
 H                  5.64812200    2.02843000   -2.58858700 
 H                  7.24016900   -1.29604700   -0.39439300 
 H                  7.57195900    0.57612800   -1.99196700 
 H                 -1.90149500    5.63390000    1.29875900 
 H                  2.95523900   -2.39485100   -0.14250400 
 Li                -2.02360000    0.81582400    0.63612100 
 I                 -3.90516800   -0.35882100   -1.08420200 
 C                 -2.31390900   -1.72168400   -1.67819800 
 H                 -1.38247200   -1.24625300   -1.37748800 
 H                 -2.39785000   -1.84846200   -2.75403900 
 H                 -2.47414200   -2.64914500   -1.13656200 
 
3-methyl 2 gas phase alkylation transition state 
 
One negative frequency 
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Zero-point correction=                           0.358106 (Hartree/Particle) 
 Thermal correction to Energy=                    0.380801 
 Thermal correction to Enthalpy=                  0.381745 
 Thermal correction to Gibbs Free Energy=         0.302166 
 Sum of electronic and zero-point Energies=           -960.553373 
 Sum of electronic and thermal Energies=              -960.530678 
 Sum of electronic and thermal Enthalpies=            -960.529734 
 Sum of electronic and thermal Free Energies=         -960.609313 
 
0 1 
 C                  0.78351000   -0.46476100    2.64709100 
 C                 -0.15799200    0.58549600    2.60131700 
 C                  0.19487900    1.54253200    0.38074600 
 C                  1.89911100   -0.31224000    0.37110800 
 C                  0.89278800    0.53439700   -0.30014000 
 H                  1.15382900    0.80509100   -1.31730100 
 C                  0.72545700   -1.34825200    3.72958200 
 H                  1.45813300   -2.14921600    3.77083900 
 C                 -1.10973600    0.67768400    3.61932600 
 C                 -1.15682300   -0.21888900    4.67975500 
 H                 -1.91713900   -0.11356600    5.44688300 
 C                 -0.22446100   -1.24259800    4.73792400 
 H                 -0.23295900   -1.95633400    5.55497600 
 H                 -1.84609400    1.47756300    3.56179400 
 C                 -0.24135900    2.73688800   -0.42465900 
 C                  0.67830100    3.50050400   -1.14981500 
 C                 -1.58632900    3.14399400   -0.40555400 
 C                  0.27071200    4.64933300   -1.81816300 
 H                  1.71766800    3.18947300   -1.17630500 
 C                 -1.99300200    4.29579700   -1.08050600 
 H                 -2.32426700    2.50634800    0.08013100 
 C                 -1.06152100    5.05403000   -1.78091500 
 H                  0.99881100    5.23529900   -2.36997300 
 H                 -3.04098900    4.57879800   -1.08056400 
 C                  1.84212300   -0.70520600    1.65567400 
 N                 -0.22710400    1.62153500    1.63701000 
 C                  3.05749000   -0.73754800   -0.46246200 
 C                  2.88637400   -1.12348700   -1.79688000 
 C                  4.35183300   -0.76632400    0.06913300 
 C                  3.96558400   -1.54491400   -2.56396800 
 H                  1.89515000   -1.11893700   -2.23861100 
 C                  5.43225100   -1.18292200   -0.69781600 
 H                  4.51131000   -0.43713900    1.09079800 
 C                  5.24399100   -1.57659200   -2.01833000 
 H                  3.80342000   -1.85468600   -3.59180500 
 H                  6.42752600   -1.19080000   -0.26359100 
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 H                  6.08780600   -1.90165100   -2.61890600 
 H                 -1.37416900    5.94861200   -2.30935200 
 H                  2.63051200   -1.36394700    2.00765700 
 Li                -0.88689100    3.35903600    1.78429000 
 I                 -2.94907300   -2.25470400   -1.39974700 
 C                 -0.83178100   -0.72135500   -0.78896700 
 H                 -1.26779400    0.03231700   -1.41931700 
 H                 -0.18203000   -1.46456600   -1.21852200 
 H                 -1.11584300   -0.80460000    0.24495000 
 
3-methyl 2 gas phase alkylation product 
 
No negative frequencies 
 
Zero-point correction=                           0.362496 (Hartree/Particle) 
 Thermal correction to Energy=                    0.384983 
 Thermal correction to Enthalpy=                  0.385927 
 Thermal correction to Gibbs Free Energy=         0.306506 
 Sum of electronic and zero-point Energies=           -960.694475 
 Sum of electronic and thermal Energies=              -960.671988 
 Sum of electronic and thermal Enthalpies=            -960.671044 
 Sum of electronic and thermal Free Energies=         -960.750465 
 
0 1 
 C                  1.04644300    2.56575600   -0.14881300 
 C                 -0.18721200    1.94794300    0.14868200 
 C                  0.47252600   -0.32524200    0.53834900 
 C                  2.66791500    0.66969200    0.17335500 
 C                  1.79775700   -0.02490600    1.20778600 
 H                  2.25949900   -0.98685800    1.43151200 
 C                  1.06064400    3.96360300   -0.30195100 
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 H                  2.00167000    4.44122400   -0.55938800 
 C                 -1.33973600    2.73387100    0.30231800 
 C                 -1.28281700    4.10976400    0.19732200 
 H                 -2.18428900    4.69745300    0.33395800 
 C                 -0.07191700    4.73094500   -0.11506300 
 H                 -0.02108700    5.80950800   -0.22238300 
 H                 -2.28908500    2.24194400    0.49798900 
 C                  0.09240600   -1.74253200    0.29654100 
 C                 -0.55596900   -2.09324600   -0.89487600 
 C                  0.31382900   -2.72995000    1.26167500 
 C                 -0.99634800   -3.39511600   -1.10524500 
 H                 -0.67446300   -1.34888900   -1.67920300 
 C                 -0.13229400   -4.02769300    1.05168500 
 H                  0.80781700   -2.47793000    2.19471600 
 C                 -0.78984900   -4.36235100   -0.12868700 
 H                 -1.49723400   -3.65011700   -2.03287800 
 H                  0.02685200   -4.78060100    1.81669200 
 C                  2.29401700    1.84579600   -0.36539500 
 N                 -0.38854200    0.55712000    0.16454900 
 C                  3.95746600    0.04159500   -0.20195200 
 C                  4.74649900   -0.61263500    0.75142400 
 C                  4.42712600    0.10316000   -1.51901100 
 C                  5.97020400   -1.17019200    0.40427200 
 H                  4.41516300   -0.66632500    1.78417700 
 C                  5.64929800   -0.45637100   -1.86783500 
 H                  3.81252500    0.57350200   -2.27978600 
 C                  6.42669200   -1.09429700   -0.90717500 
 H                  6.57089900   -1.66262100    1.16260100 
 H                  5.98984100   -0.40388600   -2.89724700 
 H                  7.38013500   -1.53521600   -1.18011500 
 H                 -1.13815800   -5.37750800   -0.28745500 
 H                  3.01196100    2.35915100   -1.00027700 
 Li                -2.18458400   -0.25567600   -0.17264600 
 I                 -4.66722200   -0.22045000   -0.26742400 
 C                  1.65010600    0.74326000    2.53058000 
 H                  1.03300400    0.17792300    3.23601500 
 H                  2.63570800    0.89098500    2.98101700 
 H                  1.19483700    1.72417100    2.39168800 
 
 
ii. 5-methyl 3 gas phase alkylation computational data  
5-methyl 3 gas phase alkylation reactant 
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No negative frequencies 
 
Zero-point correction=                           0.357761 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381246 
 Thermal correction to Enthalpy=                  0.382190 
 Thermal correction to Gibbs Free Energy=         0.299681 
 Sum of electronic and zero-point Energies=           -960.599860 
 Sum of electronic and thermal Energies=              -960.576375 
 Sum of electronic and thermal Enthalpies=            -960.575431 
 Sum of electronic and thermal Free Energies=         -960.657940 
 
0 1 
 C                  0.97573600   -2.18720500    0.92922800 
 C                 -0.21057500   -1.45831500    1.19274800 
 C                  0.48882200    0.86139500    0.84822600 
 C                  2.59630500   -0.35438400    0.21013000 
 C                  1.83129100    0.81233800    0.64342900 
 H                  2.38574700    1.73729100    0.75628000 
 C                  1.01625200   -3.54176000    1.26205900 
 H                  1.92796400   -4.09165100    1.04168100 
 C                 -1.27285100   -2.14639300    1.79214900 
 C                 -1.21552200   -3.50256100    2.10577600 
 H                 -2.07548900   -3.98836400    2.55797900 
 C                 -0.05823800   -4.21360400    1.84081100 
 H                  0.01697500   -5.27087300    2.07383500 
 H                 -2.17790600   -1.58381100    2.01260600 
 C                 -0.13208000    2.21756400    1.04368200 
 C                 -1.11065500    2.41130000    2.03251400 
 C                  0.18092400    3.29639800    0.20959300 
 C                 -1.74886300    3.64151800    2.18296700 
 H                 -1.32285900    1.59537300    2.72074200 
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 C                 -0.45384000    4.52414000    0.36066200 
 H                  0.92249200    3.15394000   -0.56935900 
 C                 -1.42412300    4.70153300    1.34299200 
 H                 -2.48383900    3.77498800    2.97131900 
 H                 -0.19849200    5.34541200   -0.30213500 
 C                  2.18058400   -1.63286100    0.28317000 
 N                 -0.46963800   -0.11972800    0.85230700 
 C                  3.92603200   -0.07441000   -0.40357400 
 C                  4.10551400    1.01396200   -1.26434300 
 C                  5.03238500   -0.88790500   -0.13615600 
 C                  5.33786300    1.26727400   -1.85371300 
 H                  3.25877900    1.65594100   -1.48591300 
 C                  6.26670300   -0.63571500   -0.72197900 
 H                  4.92180600   -1.71474900    0.55797100 
 C                  6.42543200    0.44268400   -1.58565500 
 H                  5.44868400    2.11177900   -2.52781200 
 H                  7.11163100   -1.27861200   -0.49303500 
 H                  7.39062300    0.64310800   -2.04083400 
 H                 -1.92053700    5.66016100    1.45502300 
 Li                -2.05903300    0.79281500    0.55830600 
 H                  2.83534000   -2.38958900   -0.14203000 
 C                 -2.04185900   -1.72207900   -1.77043000 
 H                 -2.26998200   -2.63721300   -1.23191800 
 H                 -2.00048300   -1.87177700   -2.84582700 
 H                 -1.15032700   -1.24148700   -1.37267900 
 I                 -3.68541500   -0.34241000   -1.39703200 
 
5-methyl 3 gas phase alkylation transition state 
 
One negative frequency 
 
Zero-point correction=                           0.357835 (Hartree/Particle) 
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 Thermal correction to Energy=                    0.380187 
 Thermal correction to Enthalpy=                  0.381131 
 Thermal correction to Gibbs Free Energy=         0.304038 
 Sum of electronic and zero-point Energies=           -960.578255 
 Sum of electronic and thermal Energies=              -960.555904 
 Sum of electronic and thermal Enthalpies=            -960.554960 
 Sum of electronic and thermal Free Energies=         -960.632052 
 
0 1 
 C                  1.10265600    2.32671900   -0.58145900 
 C                 -0.13238000    2.10859300   -1.21902400 
 C                 -0.26629200   -0.30081500   -1.42469500 
 C                  2.01276100   -0.02474100   -0.42757000 
 C                  1.06967800   -0.68926100   -1.25154400 
 H                  1.34362400   -1.66841300   -1.62398000 
 C                  1.63509200    3.61671500   -0.58910200 
 H                  2.58226600    3.78704300   -0.08385800 
 C                 -0.76901200    3.17659500   -1.84922400 
 C                 -0.22053900    4.45618400   -1.85342900 
 H                 -0.74599000    5.26929200   -2.34440900 
 C                  0.98804200    4.67954800   -1.21274200 
 H                  1.42781300    5.67162300   -1.18965000 
 H                 -1.71989000    2.98450100   -2.33805100 
 C                 -1.26764200   -1.37012200   -1.76596600 
 C                 -2.38420100   -1.04904700   -2.55128000 
 C                 -1.15712100   -2.67342300   -1.26817200 
 C                 -3.35976400   -2.00264200   -2.82841500 
 H                 -2.45351800   -0.05057100   -2.97142200 
 C                 -2.13072000   -3.62445200   -1.54538700 
 H                 -0.31227600   -2.93003900   -0.63880000 
 C                 -3.23587400   -3.29241900   -2.32378400 
 H                 -4.20806900   -1.74039900   -3.45318500 
 H                 -2.03322100   -4.62686900   -1.14066600 
 C                  1.86199700    1.25139400    0.09401200 
 N                 -0.84695700    0.87914200   -1.21607000 
 C                  3.20367200   -0.81312400    0.00410800 
 C                  3.09307200   -2.15965600    0.36629900 
 C                  4.46782600   -0.21672100    0.05381100 
 C                  4.20646900   -2.88371900    0.77312300 
 H                  2.11822800   -2.63600800    0.35124900 
 C                  5.58439400   -0.94145400    0.45138400 
 H                  4.57540200    0.82019000   -0.24707800 
 C                  5.45756800   -2.27762300    0.81506400 
 H                  4.09546500   -3.92416900    1.06313700 
 H                  6.55805200   -0.46145900    0.47155100 
 H                  6.32897600   -2.84407900    1.12868800 
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 H                 -3.99612900   -4.03718100   -2.53686400 
 Li                -2.42985000    0.37711100   -0.25590100 
 H                  2.64852100    1.60130600    0.75662000 
 C                  0.11199700    0.62594800    1.73091200 
 H                 -0.15629600    1.62174000    1.43345900 
 H                  0.67028200    0.49867300    2.64981600 
 H                  0.07349300   -0.19601200    1.04472800 
 I                 -2.31714300    0.15171000    2.44089400 
 
5-methyl 3 gas phase alkylation product 
 
No negative frequencies 
 
Zero-point correction=                           0.362418 (Hartree/Particle) 
 Thermal correction to Energy=                    0.384895 
 Thermal correction to Enthalpy=                  0.385839 
 Thermal correction to Gibbs Free Energy=         0.306452 
 Sum of electronic and zero-point Energies=           -960.693870 
 Sum of electronic and thermal Energies=              -960.671393 
 Sum of electronic and thermal Enthalpies=            -960.670449 
 Sum of electronic and thermal Free Energies=         -960.749836 
 
0 1 
 C                 -1.32869300   -2.05006200    0.36983900 
 C                 -0.09161100   -1.59964100   -0.12117600 
 C                 -0.34725400    0.79240900   -0.15973100 
 C                 -2.70136600    0.01617800    0.21271100 
 C                 -1.79572100    0.86772200   -0.30637400 
 H                 -2.14779700    1.71040700   -0.89401900 
 C                 -1.65480700   -3.39791800    0.21098400 
 H                 -2.60885900   -3.75125300    0.59302800 
 C                  0.79705900   -2.51651800   -0.70035100 
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 C                  0.45230400   -3.84895300   -0.84810700 
 H                  1.15215100   -4.53783400   -1.30882800 
 C                 -0.78544100   -4.29354900   -0.39420900 
 H                 -1.06472000   -5.33744400   -0.49353700 
 H                  1.76560100   -2.16401200   -1.04443800 
 C                  0.39190900    2.08599100   -0.19331800 
 C                  1.58662900    2.20268500   -0.91205600 
 C                 -0.08192200    3.18972500    0.52116500 
 C                  2.31128400    3.38903000   -0.88945000 
 H                  1.93450700    1.37689400   -1.52828800 
 C                  0.64302500    4.37415300    0.54200000 
 H                 -1.00878300    3.10807200    1.08078900 
 C                  1.84196300    4.47447700   -0.15847200 
 H                  3.24019200    3.45838300   -1.44504700 
 H                  0.27508300    5.22043700    1.11329000 
 C                 -2.28656300   -1.13670100    1.10463000 
 N                  0.38262200   -0.27269900   -0.05210600 
 C                 -4.14636800    0.22452200   -0.04827000 
 C                 -4.70159500    1.50854200   -0.03211200 
 C                 -4.98309600   -0.86092000   -0.33186500 
 C                 -6.05132400    1.70234700   -0.29604100 
 H                 -4.07396000    2.35836500    0.21614100 
 C                 -6.32955700   -0.66515300   -0.60832200 
 H                 -4.57138300   -1.86456300   -0.36959500 
 C                 -6.86936100    0.61662300   -0.58807900 
 H                 -6.46593800    2.70502100   -0.26656000 
 H                 -6.95912400   -1.51777800   -0.84224200 
 H                 -7.92393200    0.76782400   -0.79509900 
 H                  2.40800900    5.40000900   -0.13676600 
 Li                 2.33148500    0.01536300    0.27045400 
 H                 -3.18145600   -1.72350300    1.32400400 
 C                 -1.74674000   -0.65189100    2.46142300 
 H                 -1.52029500   -1.51154100    3.09807900 
 H                 -2.49530200   -0.03581000    2.96871200 
 H                 -0.83423800   -0.06145900    2.35603400 
 I                  4.74850800   -0.53350900    0.05507200 
 
iii. 1-methyl gas phase alkylation computational data 
1-methyl gas phase alkylation reactant 
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No negative frequencies 
 
Zero-point correction=                           0.357759 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381246 
 Thermal correction to Enthalpy=                  0.382190 
 Thermal correction to Gibbs Free Energy=         0.299662 
 Sum of electronic and zero-point Energies=           -960.599862 
 Sum of electronic and thermal Energies=              -960.576375 
 Sum of electronic and thermal Enthalpies=            -960.575431 
 Sum of electronic and thermal Free Energies=         -960.657959 
 
0 1 
 C                  0.97556600   -2.18709500    0.92990400 
 C                 -0.21085400   -1.45842500    1.19340900 
 C                  0.48831200    0.86138300    0.84925100 
 C                  2.59579100   -0.35401800    0.21085100 
 C                  1.83086100    0.81247800    0.64478600 
 H                  2.38521700    1.73745700    0.75791700 
 C                  1.01636600   -3.54160000    1.26289300 
 H                  1.92818800   -4.09133600    1.04257500 
 C                 -1.27307400   -2.14665000    1.79272600 
 C                 -1.21548400   -3.50277000    2.10647900 
 H                 -2.07538700   -3.98874300    2.55861800 
 C                 -0.05800900   -4.21357700    1.84169400 
 H                  0.01740500   -5.27080500    2.07484500 
 H                 -2.17827700   -1.58425300    2.01304500 
 C                 -0.13290300    2.21744000    1.04460400 
 C                 -1.11179700    2.41092400    2.03315300 
 C                  0.17994000    3.29625400    0.21044500 
 C                 -1.75061100    3.64089100    2.18316200 
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 H                 -1.32381000    1.59507200    2.72153000 
 C                 -0.45539600    4.52375600    0.36109700 
 H                  0.92181900    3.15392300   -0.56823300 
 C                 -1.42608600    4.70088300    1.34307000 
 H                 -2.48586200    3.77422000    2.97128200 
 H                 -0.20020100    5.34503200   -0.30175300 
 C                  2.18013900   -1.63255100    0.28348500 
 N                 -0.47000500   -0.11979700    0.85304000 
 C                  3.92528200   -0.07377800   -0.40328200 
 C                  4.10440100    1.01488900   -1.26374800 
 C                  5.03174000   -0.88738000   -0.13662300 
 C                  5.33651200    1.26842700   -1.85352700 
 H                  3.25756300    1.65692300   -1.48474900 
 C                  6.26581800   -0.63496600   -0.72284800 
 H                  4.92143400   -1.71448800    0.55723300 
 C                  6.42419500    0.44375700   -1.58619100 
 H                  5.44705400    2.11317100   -2.52737200 
 H                  7.11084800   -1.27793800   -0.49449300 
 H                  7.38920400    0.64434600   -2.04168200 
 H                 -1.92297000    5.65930700    1.45476600 
 Li                -2.05986900    0.79215800    0.55925400 
 H                  2.83470300   -2.38909000   -0.14234300 
 C                 -2.03913700   -1.72132000   -1.77214300 
 H                 -1.99580600   -1.86824100   -2.84783600 
 H                 -1.14842700   -1.24150000   -1.37173400 
 H                 -2.26808800   -2.63787900   -1.23645600 
 I                 -3.68366800   -0.34292000   -1.39811500 
 
 
1-methyl gas phase alkylation transition state 
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One negative frequency 
 
Zero-point correction=                           0.357801 (Hartree/Particle) 
 Thermal correction to Energy=                    0.380354 
 Thermal correction to Enthalpy=                  0.381298 
 Thermal correction to Gibbs Free Energy=         0.302270 
 Sum of electronic and zero-point Energies=           -960.555219 
 Sum of electronic and thermal Energies=              -960.532666 
 Sum of electronic and thermal Enthalpies=            -960.531722 
 Sum of electronic and thermal Free Energies=         -960.610750 
 
0 1 
 C                  1.05056200   -0.00264500    2.53291900 
 C                 -0.14342900    0.70847800    2.28878000 
 C                  0.19901700    1.59272500    0.03454300 
 C                  2.22314500    0.12306000    0.28059000 
 C                  1.45532900    1.22655700   -0.29385900 
 H                  1.94994500    1.79086300   -1.07824700 
 C                  1.35670900   -0.35830600    3.85113900 
 H                  2.26857000   -0.92074400    4.03198800 
 C                 -0.95185900    1.04675500    3.37735400 
 C                 -0.63112100    0.68352400    4.68005000 
 H                 -1.29500200    0.95075200    5.49621300 
 C                  0.53604600   -0.02672100    4.92079000 
 H                  0.80474700   -0.32707300    5.92812000 
 H                 -1.86525000    1.60659000    3.18545000 
 C                 -0.50299000    2.63570600   -0.78009200 
 C                 -1.31616600    3.59613200   -0.15033200 
 C                 -0.44687500    2.63867300   -2.17878700 
 C                 -2.04121400    4.52522200   -0.89473200 
 H                 -1.31828400    3.64834100    0.93778000 
 C                 -1.16642200    3.56967600   -2.91962500 
 H                  0.15363100    1.88879600   -2.68285400 
 C                 -1.97036500    4.51126400   -2.28402000 
 H                 -2.64220900    5.27270000   -0.38577900 
 H                 -1.11190600    3.54789700   -4.00342800 
 C                  1.99489900   -0.42268300    1.49236600 
 N                 -0.64344900    1.03411000    1.00422900 
 C                  3.33270400   -0.40576300   -0.56089900 
 C                  3.16228700   -0.57057700   -1.93933500 
 C                  4.56751500   -0.74806800   -0.00103100 
 C                  4.18545900   -1.07835200   -2.72988100 
 H                  2.20648700   -0.32204800   -2.39077600 
 C                  5.59270100   -1.25399500   -0.79021600 
 H                  4.72958400   -0.59404600    1.06104700 
 C                  5.40549600   -1.42243300   -2.15792900 
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 H                  4.02625500   -1.21216300   -3.79549200 
 H                  6.54537100   -1.50832100   -0.33564700 
 H                  6.20689200   -1.81641100   -2.77509800 
 H                 -2.53647100    5.22990000   -2.86725100 
 Li                -2.33599000    1.57786500    0.42153600 
 H                  2.63406100   -1.25221000    1.78418500 
 C                 -1.51863900   -0.67711100    0.16691000 
 H                 -0.58861100   -1.21748500    0.20418100 
 H                 -1.76737600   -0.17354600   -0.75607200 
 H                 -2.20035400   -0.74674300    0.99890900 
 I                 -2.84763600   -2.73894600   -0.87773000 
 
 
1-methyl gas phase alkylation product 
 
No negative frequencies 
 
Zero-point correction=                           0.362072 (Hartree/Particle) 
 Thermal correction to Energy=                    0.384509 
 Thermal correction to Enthalpy=                  0.385453 
 Thermal correction to Gibbs Free Energy=         0.306776 
 Sum of electronic and zero-point Energies=           -960.668373 
 Sum of electronic and thermal Energies=              -960.645936 
 Sum of electronic and thermal Enthalpies=            -960.644992 
 Sum of electronic and thermal Free Energies=         -960.723668 
 
0 1 
 C                  1.29822700   -2.25470000    0.48731600 
 C                  0.03126000   -1.65499800    0.36572200 
 C                  0.59434400    0.70187800    0.33061500 
 C                  2.87045500   -0.31985000    0.04226400 
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 C                  1.93222100    0.73435700    0.41576000 
 H                  2.37568200    1.62261300    0.85850900 
 C                  1.36216900   -3.54592800    1.03585900 
 H                  2.33348200   -4.02494900    1.11943200 
 C                 -1.10749800   -2.32400400    0.81077200 
 C                 -1.01367900   -3.58963300    1.37197000 
 H                 -1.91341300   -4.10051200    1.69806000 
 C                  0.23001000   -4.20454900    1.48244100 
 H                  0.31412700   -5.19882100    1.90888900 
 H                 -2.08681700   -1.87262700    0.67094900 
 C                 -0.25440600    1.81496700    0.83000800 
 C                 -1.37352800    1.54447900    1.63159900 
 C                  0.01797100    3.14376500    0.48967200 
 C                 -2.20457000    2.57257800    2.06518600 
 H                 -1.57434300    0.52359600    1.95276100 
 C                 -0.80718600    4.17003900    0.93383100 
 H                  0.87176000    3.36629900   -0.14251300 
 C                 -1.92276800    3.88844300    1.71596900 
 H                 -3.06996200    2.33952000    2.67616300 
 H                 -0.58632800    5.19476800    0.65238700 
 C                  2.55398600   -1.63356000    0.07951000 
 N                 -0.14740500   -0.37679600   -0.29761900 
 C                  4.25204400    0.11279100   -0.29939400 
 C                  4.45550300    1.27543900   -1.04963300 
 C                  5.37256200   -0.61517300    0.11351000 
 C                  5.73678900    1.68802000   -1.39370600 
 H                  3.59729600    1.85107400   -1.38416800 
 C                  6.65387200   -0.20401800   -0.22949500 
 H                  5.23902600   -1.49782800    0.73073000 
 C                  6.84113200    0.94813300   -0.98613000 
 H                  5.87187200    2.58800500   -1.98554200 
 H                  7.51067200   -0.77985200    0.10636300 
 H                  7.84300700    1.27058400   -1.25130500 
 H                 -2.57346300    4.69066100    2.04739900 
 Li                -2.08423900    0.35533300   -0.30704500 
 H                  3.34670600   -2.33932300   -0.15554500 
 C                  0.06735500   -0.45067000   -1.76167700 
 H                  1.09522200   -0.71674800   -2.02385700 
 H                 -0.16810300    0.52202700   -2.20469400 
 H                 -0.61728800   -1.19537900   -2.17362900 







VI. Solvent alkylation computational data 
a. 3-methyl 2 solvent alkylation computational data 
3-methyl 2 solvent alkylation reactant 
 
 
No negative frequencies 
 
Zero-point correction=                           0.357658 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381212 
 Thermal correction to Enthalpy=                  0.382156 
 Thermal correction to Gibbs Free Energy=         0.299145 
 Sum of electronic and zero-point Energies=           -960.596581 
 Sum of electronic and thermal Energies=              -960.573028 
 Sum of electronic and thermal Enthalpies=            -960.572083 
 Sum of electronic and thermal Free Energies=         -960.655094 
 
0 1 
 C                  1.05006900   -2.15997600    0.83606800 
 C                 -0.14184300   -1.42407100    1.06211100 
 C                  0.57791700    0.88191400    0.66551100 
 C                  2.70522100   -0.35028500    0.12876200 
 C                  1.92009000    0.83062500    0.48515100 
 H                  2.45429100    1.77381300    0.51621400 
 C                  1.07355500   -3.51298700    1.17738200 
 H                  1.98890700   -4.06708900    0.98479500 
 C                 -1.21573500   -2.10649300    1.64841400 
 C                 -1.17357300   -3.46055900    1.97200500 
 H                 -2.04432100   -3.93655200    2.41395200 
 C                 -0.01581200   -4.17938100    1.73412600 
 H                  0.05062500   -5.23545900    1.97475400 
 H                 -2.12241700   -1.54062000    1.85446900 
 C                 -0.04626700    2.24026400    0.81813300 
 C                  0.14900500    3.00632200    1.97127400 
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 C                 -0.91794300    2.72956000   -0.16619900 
 C                 -0.50905300    4.21961800    2.13727400 
 H                  0.82318100    2.63628500    2.73680600 
 C                 -1.58840900    3.94233900    0.00709500 
 H                 -1.02728100    2.17935700   -1.09969100 
 C                 -1.38722700    4.68799900    1.16237400 
 H                 -0.34112700    4.80217400    3.03808100 
 H                 -2.24689800    4.31022400   -0.77417000 
 C                  2.28553500   -1.62431000    0.23086200 
 N                 -0.39653500   -0.08464000    0.71814100 
 C                  4.05460900   -0.08949800   -0.44779700 
 C                  4.26296700    0.97133700   -1.33648000 
 C                  5.15080800   -0.89413700   -0.11853800 
 C                  5.51461700    1.20551400   -1.89228400 
 H                  3.42529500    1.60644200   -1.60657600 
 C                  6.40391700   -0.66064000   -0.67122200 
 H                  5.01697100   -1.69881600    0.59726000 
 C                  6.59207900    0.39003400   -1.56278600 
 H                  5.64812200    2.02843000   -2.58858700 
 H                  7.24016900   -1.29604700   -0.39439300 
 H                  7.57195900    0.57612800   -1.99196700 
 H                 -1.90149500    5.63390000    1.29875900 
 H                  2.95523900   -2.39485100   -0.14250400 
 Li                -2.02360000    0.81582400    0.63612100 
 I                 -3.90516800   -0.35882100   -1.08420200 
 C                 -2.31390900   -1.72168400   -1.67819800 
 H                 -1.38247200   -1.24625300   -1.37748800 
 H                 -2.39785000   -1.84846200   -2.75403900 
 H                 -2.47414200   -2.64914500   -1.13656200 
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3-methyl 2 solvent alkylation transition state
 
One negative frequency 
 
Zero-point correction=                           0.357544 (Hartree/Particle) 
 Thermal correction to Energy=                    0.380262 
 Thermal correction to Enthalpy=                  0.381206 
 Thermal correction to Gibbs Free Energy=         0.302002 
 Sum of electronic and zero-point Energies=           -960.612161 
 Sum of electronic and thermal Energies=              -960.589443 
 Sum of electronic and thermal Enthalpies=            -960.588499 
 Sum of electronic and thermal Free Energies=         -960.667703 
 
0 1 
 C                  0.41691200   -0.70983200    2.60569600 
 C                 -0.32465200    0.49213500    2.54222800 
 C                  0.44668100    1.55798200    0.50675300 
 C                  1.80091400   -0.56747200    0.49580600 
 C                  1.03216200    0.48217700   -0.17716100 
 H                  1.37164600    0.72583300   -1.17634400 
 C                  0.04399200   -1.67090900    3.55198900 
 H                  0.63134200   -2.58362200    3.61008800 
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 C                 -1.42409000    0.63792500    3.39546900 
 C                 -1.78629400   -0.33625900    4.32119200 
 H                 -2.64380700   -0.17646200    4.96756500 
 C                 -1.03848700   -1.50085500    4.40848700 
 H                 -1.29126200   -2.27283300    5.12826900 
 H                 -2.00520100    1.55354700    3.32023800 
 C                  0.30624100    2.84267400   -0.25492100 
 C                  1.35952200    3.36420600   -1.01237200 
 C                 -0.89966000    3.55087600   -0.20404600 
 C                  1.21545600    4.57022000   -1.68899700 
 H                  2.30132800    2.82666800   -1.05533700 
 C                 -1.04898700    4.75152900   -0.89179300 
 H                 -1.73010100    3.13335300    0.35667000 
 C                  0.01105800    5.26668900   -1.63164400 
 H                  2.04687100    4.96849700   -2.26219400 
 H                 -1.99758300    5.27855800   -0.85868800 
 C                  1.55761900   -1.03429000    1.73822200 
 N                 -0.03786100    1.62716300    1.74247400 
 C                  2.94275700   -1.14660200   -0.26961600 
 C                  2.83900400   -1.40133500   -1.64255400 
 C                  4.15078200   -1.46153400    0.36484500 
 C                  3.89309500   -1.96909800   -2.34940700 
 H                  1.91709000   -1.17001400   -2.16603600 
 C                  5.20742000   -2.02486000   -0.34049000 
 H                  4.26675400   -1.24316200    1.42143300 
 C                  5.08332400   -2.28405700   -1.70208700 
 H                  3.78087500   -2.16771700   -3.41098700 
 H                  6.13538000   -2.25340700    0.17515000 
 H                  5.90859000   -2.72241700   -2.25452300 
 H                 -0.10188700    6.20442000   -2.16658900 
 H                  2.18559600   -1.84022300    2.10731600 
 Li                -0.00879700    3.39283200    2.61600200 
 I                 -3.13509200   -1.76125600   -1.66677000 
 C                 -1.03232300   -0.56447700   -0.90306000 
 H                 -1.27564300    0.37738300   -1.36498000 
 H                 -0.34918800   -1.22990400   -1.40214100 




3-methyl 2 solvent alkylation product
 
Zero negative frequencies 
 
Zero-point correction=                           0.362834 (Hartree/Particle) 
 Thermal correction to Energy=                    0.385000 
 Thermal correction to Enthalpy=                  0.385944 
 Thermal correction to Gibbs Free Energy=         0.308888 
 Sum of electronic and zero-point Energies=           -960.726356 
 Sum of electronic and thermal Energies=              -960.704190 
 Sum of electronic and thermal Enthalpies=            -960.703246 
 Sum of electronic and thermal Free Energies=         -960.780301 
 
0 1 
 C                  0.98590800    2.55719400   -0.17966600 
 C                 -0.21617700    1.93063500    0.21423500 
 C                  0.46913200   -0.32587000    0.59000900 
 C                  2.65494700    0.71182300    0.13811700 
 C                  1.81680600    0.02246100    1.20042000 
 H                  2.29464700   -0.92544500    1.44684200 
 C                  0.97701400    3.95310700   -0.34990500 
 H                  1.89187900    4.43346800   -0.68446700 
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 C                 -1.34827200    2.71724100    0.47503600 
 C                 -1.31181800    4.09439800    0.35420800 
 H                 -2.19766600    4.67923900    0.57831400 
 C                 -0.14114800    4.71862700   -0.07869400 
 H                 -0.10625500    5.79591100   -0.20236000 
 H                 -2.26449400    2.22344200    0.78363900 
 C                  0.15158800   -1.77155500    0.42916100 
 C                  1.08409200   -2.62929100   -0.16470000 
 C                 -1.06831400   -2.29130000    0.86956400 
 C                  0.78439100   -3.97319500   -0.34546700 
 H                  2.03969300   -2.24168600   -0.50525700 
 C                 -1.35875500   -3.64143500    0.70133700 
 H                 -1.78217500   -1.64412600    1.37000900 
 C                 -0.43717400   -4.48272200    0.08778500 
 H                  1.50821600   -4.62518400   -0.82358600 
 H                 -2.30615600   -4.03362500    1.05619200 
 C                  2.23808600    1.85527700   -0.43630000 
 N                 -0.41417400    0.53124800    0.22129000 
 C                  3.96402000    0.11466800   -0.22371200 
 C                  4.77131500   -0.48792300    0.74986300 
 C                  4.43728000    0.15945400   -1.54110500 
 C                  6.01677200   -1.00890500    0.42147900 
 H                  4.43751000   -0.53008900    1.78196800 
 C                  5.68153400   -0.36413700   -1.87042000 
 H                  3.81313900    0.59188200   -2.31647800 
 C                  6.47742900   -0.94864600   -0.89004300 
 H                  6.63031200   -1.46019600    1.19489100 
 H                  6.02575500   -0.32399700   -2.89910500 
 H                  7.44831400   -1.35992500   -1.14730600 
 H                 -0.66565600   -5.53507700   -0.04632700 
 H                  2.92179800    2.36865400   -1.10757500 
 Li                -2.16127600    0.02851800   -0.80665800 
 I                 -4.81365700   -0.27314600   -0.41877600 
 C                  1.67996900    0.80424100    2.51847400 
 H                  1.08296400    0.23251000    3.23511800 
 H                  2.67128700    0.96252300    2.95164200 
 H                  1.21203000    1.77928700    2.38188400 
 
 
iii. 5-methyl 3 solvent alkylation computational data 
5-methyl 3 solvent alkylation reactant 
 100 
 
No negative frequencies 
 
Zero-point correction=                           0.357761 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381246 
 Thermal correction to Enthalpy=                  0.382190 
 Thermal correction to Gibbs Free Energy=         0.299681 
 Sum of electronic and zero-point Energies=           -960.599860 
 Sum of electronic and thermal Energies=              -960.576375 
 Sum of electronic and thermal Enthalpies=            -960.575431 
 Sum of electronic and thermal Free Energies=         -960.657940 
 
0 1 
 C                  0.97573600   -2.18720500    0.92922800 
 C                 -0.21057500   -1.45831500    1.19274800 
 C                  0.48882200    0.86139500    0.84822600 
 C                  2.59630500   -0.35438400    0.21013000 
 C                  1.83129100    0.81233800    0.64342900 
 H                  2.38574700    1.73729100    0.75628000 
 C                  1.01625200   -3.54176000    1.26205900 
 H                  1.92796400   -4.09165100    1.04168100 
 C                 -1.27285100   -2.14639300    1.79214900 
 C                 -1.21552200   -3.50256100    2.10577600 
 H                 -2.07548900   -3.98836400    2.55797900 
 C                 -0.05823800   -4.21360400    1.84081100 
 H                  0.01697500   -5.27087300    2.07383500 
 H                 -2.17790600   -1.58381100    2.01260600 
 C                 -0.13208000    2.21756400    1.04368200 
 C                 -1.11065500    2.41130000    2.03251400 
 C                  0.18092400    3.29639800    0.20959300 
 C                 -1.74886300    3.64151800    2.18296700 
 H                 -1.32285900    1.59537300    2.72074200 
 101 
 C                 -0.45384000    4.52414000    0.36066200 
 H                  0.92249200    3.15394000   -0.56935900 
 C                 -1.42412300    4.70153300    1.34299200 
 H                 -2.48383900    3.77498800    2.97131900 
 H                 -0.19849200    5.34541200   -0.30213500 
 C                  2.18058400   -1.63286100    0.28317000 
 N                 -0.46963800   -0.11972800    0.85230700 
 C                  3.92603200   -0.07441000   -0.40357400 
 C                  4.10551400    1.01396200   -1.26434300 
 C                  5.03238500   -0.88790500   -0.13615600 
 C                  5.33786300    1.26727400   -1.85371300 
 H                  3.25877900    1.65594100   -1.48591300 
 C                  6.26670300   -0.63571500   -0.72197900 
 H                  4.92180600   -1.71474900    0.55797100 
 C                  6.42543200    0.44268400   -1.58565500 
 H                  5.44868400    2.11177900   -2.52781200 
 H                  7.11163100   -1.27861200   -0.49303500 
 H                  7.39062300    0.64310800   -2.04083400 
 H                 -1.92053700    5.66016100    1.45502300 
 Li                -2.05903300    0.79281500    0.55830600 
 H                  2.83534000   -2.38958900   -0.14203000 
 C                 -2.04185900   -1.72207900   -1.77043000 
 H                 -2.26998200   -2.63721300   -1.23191800 
 H                 -2.00048300   -1.87177700   -2.84582700 
 H                 -1.15032700   -1.24148700   -1.37267900 
 I                 -3.68541500   -0.34241000   -1.39703200 
 
 102 
5-methyl 3 solvent alkylation transition state 
 
One negative frequency 
 
Zero-point correction=                           0.357179 (Hartree/Particle) 
 Thermal correction to Energy=                    0.379858 
 Thermal correction to Enthalpy=                  0.380803 
 Thermal correction to Gibbs Free Energy=         0.301983 
 Sum of electronic and zero-point Energies=           -960.611098 
 Sum of electronic and thermal Energies=              -960.588419 
 Sum of electronic and thermal Enthalpies=            -960.587474 
 Sum of electronic and thermal Free Energies=         -960.666294 
 
0 1 
 C                 -0.24369200   -0.43025500    2.55141300 
 C                  1.13674700   -0.21191600    2.36601900 
 C                  1.57223200   -0.99924500    0.11522100 
 C                 -0.85325400   -1.57743800    0.37746700 
 C                  0.44410100   -1.78435800   -0.15142300 
 H                  0.53280900   -2.48919800   -0.96866800 
 C                 -0.76412200   -0.34474800    3.84417200 
 H                 -1.83159200   -0.49909200    3.97998100 
 103 
 C                  1.92958100    0.04007100    3.48741200 
 C                  1.39436800    0.11978000    4.77286300 
 H                  2.04297400    0.33238900    5.61715600 
 C                  0.03343300   -0.06484100    4.95230500 
 H                 -0.41236800    0.00447800    5.93962500 
 H                  2.99701200    0.18309000    3.33748900 
 C                  2.68135300   -1.05669600   -0.89398000 
 C                  4.01202900   -1.09759700   -0.46340300 
 C                  2.42257900   -1.06003400   -2.26807500 
 C                  5.05693300   -1.14169600   -1.38096300 
 H                  4.21702600   -1.12419700    0.60215800 
 C                  3.46595400   -1.09404800   -3.18637000 
 H                  1.39562100   -1.01652600   -2.61533900 
 C                  4.78600300   -1.13611100   -2.74603400 
 H                  6.08291900   -1.19156700   -1.02919700 
 H                  3.24763300   -1.08344400   -4.24970900 
 C                 -1.17043000   -0.76060800    1.45026800 
 N                  1.81003400   -0.15062800    1.11439700 
 C                 -1.98607400   -2.21883400   -0.35359400 
 C                 -2.02332600   -2.23923600   -1.75261100 
 C                 -3.04140000   -2.81509000    0.34591500 
 C                 -3.08432300   -2.82868800   -2.43001700 
 H                 -1.22168200   -1.76945600   -2.31281300 
 C                 -4.09821300   -3.41384800   -0.32976900 
 H                 -3.01949900   -2.82773700    1.43075800 
 C                 -4.12490700   -3.42074400   -1.72095600 
 H                 -3.09963500   -2.82173400   -3.51560100 
 H                 -4.90086100   -3.88065000    0.23289200 
 H                 -4.95147000   -3.88539000   -2.24953500 
 H                  5.59955900   -1.16746200   -3.46400700 
 Li                 2.93968300    1.41489500    0.76591100 
 H                 -2.22047500   -0.70963300    1.72298100 
 C                 -1.22989500    1.27489200    0.18919500 
 H                 -1.48694300    1.69509000    1.14749600 
 H                 -2.00870100    0.84824300   -0.42138700 
 H                 -0.20401100    1.03268200   -0.02110600 




5-methyl 3 solvent alkylation product 
 
Zero negative frequencies 
 
Zero-point correction=                           0.362707 (Hartree/Particle) 
 Thermal correction to Energy=                    0.384942 
 Thermal correction to Enthalpy=                  0.385886 
 Thermal correction to Gibbs Free Energy=         0.307408 
 Sum of electronic and zero-point Energies=           -960.726832 
 Sum of electronic and thermal Energies=              -960.704597 
 Sum of electronic and thermal Enthalpies=            -960.703653 
 Sum of electronic and thermal Free Energies=         -960.782131 
 
0 1 
 C                  1.11922000   -2.05619400    0.30415600 
 C                  0.10167500   -1.50145600    1.09854600 
 C                  0.33351100    0.85645400    0.74932600 
 C                  2.46155800   -0.04091200   -0.22998700 
 C                  1.76324700    0.88582800    0.45430100 
 H                  2.27962100    1.77524800    0.80209400 
 C                  1.49752000   -3.38044700    0.53660600 
 H                  2.28320600   -3.81195300   -0.07710300 
 105 
 C                 -0.52425300   -2.29898100    2.06743400 
 C                 -0.13161100   -3.60918700    2.28519000 
 H                 -0.62109800   -4.20070400    3.05177500 
 C                  0.88927900   -4.15594900    1.51336400 
 H                  1.20309000   -5.18363100    1.66403300 
 H                 -1.31179400   -1.85689100    2.67036300 
 C                 -0.33326100    2.18584200    0.83874900 
 C                 -1.24621300    2.44886900    1.86432500 
 C                 -0.04692500    3.18705700   -0.09344600 
 C                 -1.87777800    3.68421800    1.94455700 
 H                 -1.43823200    1.68305900    2.60975700 
 C                 -0.68844800    4.41754600   -0.01933400 
 H                  0.66361000    2.99240800   -0.89080800 
 C                 -1.60401800    4.66818300    0.99896000 
 H                 -2.57739500    3.88164800    2.75030900 
 H                 -0.47369000    5.18228200   -0.75866600 
 C                  1.79497600   -1.27568900   -0.80340800 
 N                 -0.39907500   -0.18423400    0.99186600 
 C                  3.91099100    0.16188800   -0.47402900 
 C                  4.40883800    1.42732900   -0.80636800 
 C                  4.81310900   -0.90313000   -0.36432300 
 C                  5.76820800    1.62346900   -1.01636400 
 H                  3.72108200    2.25789900   -0.92736600 
 C                  6.17364900   -0.70327400   -0.56169200 
 H                  4.45562600   -1.89143100   -0.09341500 
 C                  6.65592600    0.55974700   -0.89128100 
 H                  6.13300800    2.60965700   -1.28552800 
 H                  6.85916900   -1.53813200   -0.45670700 
 H                  7.71787000    0.71280300   -1.05476000 
 H                 -2.09936700    5.63194100    1.05873500 
 Li                -2.43984000   -0.17676100    0.65440100 
 H                  2.57866000   -1.91754300   -1.21095600 
 C                  0.86282100   -0.93725900   -1.97958700 
 H                  0.44472800   -1.85762200   -2.39649700 
 H                  1.42409700   -0.42677900   -2.76765000 
 H                  0.03380500   -0.29263900   -1.68097100 
 I                 -4.48632200   -0.63006400   -1.02654800 
 
iii. 1-methyl 5 solvent alkylation computational data 




Zero negative frequencies 
 
Zero-point correction=                           0.357740 (Hartree/Particle) 
 Thermal correction to Energy=                    0.381094 
 Thermal correction to Enthalpy=                  0.382038 
 Thermal correction to Gibbs Free Energy=         0.300111 
 Sum of electronic and zero-point Energies=           -960.628084 
 Sum of electronic and thermal Energies=              -960.604731 
 Sum of electronic and thermal Enthalpies=            -960.603786 
 Sum of electronic and thermal Free Energies=         -960.685713 
 
0 1 
 C                  0.52594800   -1.52093500    1.99746200 
 C                 -0.52596300   -0.57521600    2.10916800 
 C                  0.29280900    1.33716300    0.84390900 
 C                  2.15806200   -0.31940800    0.46278300 
 C                  1.58761300    1.01988700    0.54363300 
 H                  2.23888600    1.83601700    0.25227100 
 C                  0.51503800   -2.64344700    2.82785800 
 H                  1.31963500   -3.36657400    2.71557700 
 C                 -1.50539500   -0.81961000    3.08223000 
 107 
 C                 -1.50414500   -1.95162300    3.89523400 
 H                 -2.30163500   -2.09617000    4.61864900 
 C                 -0.48379500   -2.87933800    3.77103200 
 H                 -0.45760200   -3.77257000    4.38715100 
 H                 -2.29920900   -0.08431800    3.19178900 
 C                 -0.12029500    2.76038300    0.60011100 
 C                 -0.86782100    3.45541700    1.55886500 
 C                  0.21528600    3.42500300   -0.58431100 
 C                 -1.25976700    4.77342000    1.34570000 
 H                 -1.11472500    2.95575200    2.49074700 
 C                 -0.18204200    4.74002000   -0.80404500 
 H                  0.78439500    2.89508800   -1.34138600 
 C                 -0.92075000    5.41971400    0.16021100 
 H                 -1.82144700    5.29996500    2.11167300 
 H                  0.08187500    5.23393400   -1.73439300 
 C                  1.64111000   -1.42503400    1.03610000 
 N                 -0.73443000    0.56411100    1.30770400 
 C                  3.39255300   -0.45890600   -0.36478900 
 C                  3.54670400    0.26435200   -1.55370200 
 C                  4.43495300   -1.30869700    0.02422800 
 C                  4.68875500    0.12870100   -2.33463300 
 H                  2.75139900    0.92975100   -1.87395600 
 C                  5.57924700   -1.44492500   -0.75324400 
 H                  4.35256600   -1.85189800    0.96015600 
 C                  5.71156300   -0.72764000   -1.93833500 
 H                  4.77921500    0.69389600   -3.25767200 
 H                  6.37616700   -2.10576100   -0.42505300 
 H                  6.60699400   -0.82957800   -2.54379600 
 H                 -1.22921500    6.44650200   -0.01039400 
 Li                -2.50262400    1.15897300    0.80063300 
 H                  2.13696300   -2.37209900    0.83682400 
 C                 -0.95763100   -1.63031500   -1.61093800 
 H                 -0.44222400   -1.31720500   -2.51488000 
 H                 -0.67821200   -1.02486800   -0.75147000 
 H                 -0.81642300   -2.69043200   -1.41956900 








1-methyl 5 solvent alkylation transition state
 
One negative frequency 
 
Zero-point correction=                           0.358739 (Hartree/Particle) 
 Thermal correction to Energy=                    0.380951 
 Thermal correction to Enthalpy=                  0.381895 
 Thermal correction to Gibbs Free Energy=         0.304366 
 Sum of electronic and zero-point Energies=           -960.606846 
 Sum of electronic and thermal Energies=              -960.584634 
 Sum of electronic and thermal Enthalpies=            -960.583690 
 Sum of electronic and thermal Free Energies=         -960.661218 
 
0 1 
 C                  0.04827100   -0.35154900    2.61114900 
 C                  1.23325000    0.23348800    2.10577300 
 C                  1.50095800   -0.81718100   -0.05784900 
 C                 -0.75274400   -1.71020300    0.62686200 
 C                  0.50833100   -1.73819800   -0.10973100 
 H                  0.64130200   -2.57142200   -0.79219300 
 C                 -0.22358100   -0.25630600    3.98099100 
 H                 -1.14866400   -0.69088100    4.35085800 
 109 
 C                  2.09995900    0.84124700    3.02303700 
 C                  1.81434800    0.92484600    4.38197300 
 H                  2.51105500    1.42291700    5.04959100 
 C                  0.63764700    0.37450000    4.86997500 
 H                  0.38918400    0.43438300    5.92463900 
 H                  3.02937100    1.26547600    2.65388600 
 C                  2.64760400   -0.96580500   -1.00876700 
 C                  3.96491600   -0.82056800   -0.55259700 
 C                  2.44212500   -1.23103500   -2.36685300 
 C                  5.04284600   -0.94260000   -1.42456000 
 H                  4.14129400   -0.65682000    0.50799600 
 C                  3.51826100   -1.34873600   -3.24032100 
 H                  1.42736100   -1.33195800   -2.73818200 
 C                  4.82163500   -1.20362400   -2.77382300 
 H                  6.05613700   -0.84872600   -1.04608100 
 H                  3.33708900   -1.54795900   -4.29202100 
 C                 -0.94653100   -1.04924800    1.78736800 
 N                  1.58071800    0.32907500    0.73361700 
 C                 -1.88300400   -2.47750800    0.03023200 
 C                 -2.07845100   -2.49526300   -1.35547600 
 C                 -2.77457900   -3.19981100    0.83155500 
 C                 -3.13978000   -3.19339200   -1.91979500 
 H                 -1.40040300   -1.93821600   -1.99446200 
 C                 -3.83552700   -3.89983500    0.26948400 
 H                 -2.62089100   -3.22849000    1.90554100 
 C                 -4.02403500   -3.89848200   -1.10926900 
 H                 -3.27827500   -3.18297600   -2.99669900 
 H                 -4.51138500   -4.45718000    0.91108000 
 H                 -4.85094900   -4.44739900   -1.54904500 
 H                  5.65993700   -1.29610700   -3.45688800 
 Li                 2.96829200    1.57003100    0.08328400 
 H                 -1.94043400   -1.09075000    2.22615300 
 C                  0.00814400    1.72278800   -0.15801600 
 H                 -0.71374600    1.00729700    0.19562400 
 H                  0.48080700    1.55690000   -1.11074000 
 H                  0.40797900    2.45228100    0.52434500 
 I                 -1.72390600    3.34246900   -1.13786100 
 
 110 
1-methyl 5 solvent alkylation product 
 
Zero negative frequencies 
 
Zero-point correction=                           0.362975 (Hartree/Particle) 
 Thermal correction to Energy=                    0.384979 
 Thermal correction to Enthalpy=                  0.385923 
 Thermal correction to Gibbs Free Energy=         0.309026 
 Sum of electronic and zero-point Energies=           -960.696910 
 Sum of electronic and thermal Energies=              -960.674906 
 Sum of electronic and thermal Enthalpies=            -960.673962 
 Sum of electronic and thermal Free Energies=         -960.750860 
 
0 1 
 C                  1.31218200   -2.24203700    0.53060200 
 C                  0.05460200   -1.61558700    0.43715500 
 C                  0.65787100    0.72074100    0.32260600 
 C                  2.90954100   -0.35384300    0.00030800 
 C                  1.99881500    0.72566200    0.36860500 
 H                  2.46931600    1.61717200    0.77481700 
 C                  1.37006900   -3.51973400    1.11286300 
 H                  2.33344200   -4.01766800    1.17130300 
 111 
 C                 -1.07546700   -2.24671400    0.95492300 
 C                 -0.98870200   -3.49670300    1.55135000 
 H                 -1.88387900   -3.97380600    1.93596500 
 C                  0.24390700   -4.13975500    1.62538300 
 H                  0.32386000   -5.12273600    2.07767300 
 H                 -2.04599700   -1.77117000    0.85810700 
 C                 -0.13460900    1.86898100    0.83507300 
 C                 -1.18114100    1.65668000    1.74298000 
 C                  0.14030700    3.17594700    0.41997100 
 C                 -1.94025800    2.72446100    2.21242200 
 H                 -1.37683000    0.65385600    2.11531200 
 C                 -0.61705300    4.24161400    0.89375400 
 H                  0.94396800    3.35174900   -0.28810200 
 C                 -1.66153900    4.01952100    1.78621100 
 H                 -2.74122000    2.54289200    2.92164100 
 H                 -0.39505900    5.24898300    0.55632500 
 C                  2.56960800   -1.66035600    0.07368400 
 N                 -0.12477900   -0.35628900   -0.26319300 
 C                  4.29414400    0.04345600   -0.37266800 
 C                  4.51109000    1.19854000   -1.13189000 
 C                  5.40508000   -0.70998300    0.02282600 
 C                  5.79611700    1.57936300   -1.50076000 
 H                  3.66200400    1.79556300   -1.45141100 
 C                  6.68985100   -0.33038800   -0.34518300 
 H                  5.26393400   -1.58793600    0.64489000 
 C                  6.89069200    0.81498600   -1.10994000 
 H                  5.94134200    2.47439900   -2.09762200 
 H                  7.53845600   -0.92545400   -0.02229200 
 H                  7.89501400    1.11306900   -1.39384300 
 H                 -2.25425200    4.85221700    2.15022600 
 Li                -2.12903500    0.41137000   -0.37878900 
 H                  3.34148800   -2.38951100   -0.15755700 
 C                  0.09528800   -0.48122800   -1.72430500 
 H                  1.12207500   -0.75671300   -1.97742000 
 H                 -0.13924900    0.47677900   -2.19827800 
 H                 -0.58531400   -1.24249800   -2.11259300 
 I                 -4.64518700   -0.24379300   -0.99555200 
 
 
 
